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PREFACE. 



I ^HE present work is designed as aa aid to students of 
' Biology, and eapeciailly to tbose intending to offer them- 
selves for eKamination in the first stage in that subject 
at the Science and Art Department of the Committee of 
Council on Education, South Kensington. 

Whilst the book is fashioned upon the lines of that 
eT^minatioD, its author hopes it may be of use to oiber 
students who may desire to gain a knowledge of the typical 
forms of living things. The general plan of the work is 
as follows. A. Introduction. After defining Biology, the 
general plan upon which we shall study each animal and 
plant will be laid before the reader, and the nature of the 
practical work so absolutely necessary, and of the apparatus 
required therefor, will be dealt with. fj. Certain typical 
living beings will be studied in succession. The onler in 
which these will be investigated will deviate from that in 
which these plants and animals are named la the syllabus. 
The particular order selected in this book is chosen because 
it is one in which those first studied are the simplest orgaoi- 
Sations in structure, and those last studied are the roost 
complex. An attempt has been made to arrange the living 
things to be investigated in a regular succession, that will 
proceed from the simplest, through ever -increasing stages of 
complexity, to the most complex. No pretence is here made 
that the scheme represents the exact oticT (A \.\i.e e.-jiAa'Cv^'Q. 
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of these living things. All that is claimed is that, as far as 
the structures of the individual plants and animals are con- 
cerned, our list will be found to begin with those of the 
most rudimentary make, and proceed systematically to the 
more complex ones. c. Some of the questions given in 
past years at the examination will be considered, and sug- 
gestions made as to the method of answering. A few 
original ones for guidance of the student will be added, d. 
A glossary, containing derivations and definitions, and, 
where they are needed, examples of the chief scientific 
terms, will conclude the volume. 



GENERAL BIOLOGY. 



C H A P T E R 

A.— INTRODUCTION. 
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BiDLOGY will be defloed. The geBerat plaa will follow 
«n which the living beings to be considered wilt be studied. 
The nature of the essential practical work will be discussed. 

I. Depinition or Bioi-oqy. — y8ios = life, Aoyos^ science. 
Biology is the study of liviog things. Without pausing to 
discuss the exact meaniog of the word " life," we agree 
that Biology is the study of those forms of matter that are 
by common consent called living. 

In this work it is impossible to study the whole or even «, 
considerable fraction of living forms. It is possible to study 
certain typical cases taken from different levels iu the great 
scale of living things, and thus to obtain a general idea of 
the structure and functions of plant and animal bodies. 
Each of the instances chosen by the Science and Art 
Department is one of two things. Either, as in the fore- 
most that we shall study, it is a form of living things 
necessary to be investigated in order to gain a clear Idea 
of the nature of living matter as distiact from non-living, 
■or, as in the later objects of inquiry, it ia a plant or animal 
that is a type of a great group, and in its life-history gives 
us the key to that of many of its fellows. 

II. Plan of Work. — Nothing should be more strongly 
impressed upon the young student than the necessity of 
system in his work. A plan will therefore be laid before 
the reader to which the writer will adhere in his account of 
each plant and animal. Although this particular plan 
would by no means be insisted upon as essential for every- 

( plan is essential, and the student ia advised either 
3T some kindred scheme in all his work. There 
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Bhoold ba a place for every newly- acquired fact, whether it 
be gained by reading, or from a lecture, or from the obser- 
vation of the student himsflf. He should accustom himself 
;o say, as each fresh acquisition is made : " that fact belongs 
to Bnch and such a division of my plan, fits in under such 
and such a head." The adoption of such a plan us this aids 
in the following ways. By fixing the fact more firmly 
in the mind. For the very effort to think where the fact is 
to be located concentrates attention more fully upon it and 
renders it more easily remembered. By rendering the 
student more able to place his hand at once upon any special 
fact tbat may be required. By enabling him at an ex- 
amination to reproduce his knowledge with much greater 
readiness. Asked for the life-history of a Hydra, he has 
not to rack his brains in frenzied fashion in order to collect 
a number of isolated facts, but goes steadily through his 
plan, placing truths under their respective heads, and finds 
at the end that nothing of importance has been omitted. 
The plan nnder which each special living thing will be 
studied is as follows : — (a) Structure, (6) Digestion, (c) 
Absorption, {d) Circulation, (e) Respiration, (/) Secretion, 
(j/) Nervous System, (h) Sense Organs, (i) Motor Organs, 
(i) Reproduction, (!) Development, (m) Classification. 

(o) Slnicture. The general build of the plant or animal. 
Its cells, fibres, vessels, tissues, skeleton, and the general 
arrangement of its organs. (b) Digtstiov. The nature of 
its food, and the means by which it seizes that food and 
digests it. (c) Absorption. The method whereby food, after 
it has undergone the process of digestion, is carried into the 
blood system, (d) Circulation. The nature of the nutritive 
fluid and the manner in which it is circulated round the 
body, (e) Respiration, The study of the way in which the 
gaEes of this fluid are maintained in healthful condition. 
(/) Sedj-etion. The study of the way in which the liquids 
and solids contained in this fluid are maintained in a 
healthy condition, {g) Nervous System. An account of the 
brain, spinal cord, ganglia, and nerves, that the being may 
pnasesa. (k) Seiise Organs. Those of touch, taste, smell, 
hearing, and sight, (i) Motor Organs, The muscles, the 
limbs, the various means of locomotion, {k) Reprndiiclion. 
Thus far the life of the individual only has been considered. 
Here that of the species comes under consideration, and 
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tbe methods and organs of reproduction are studied. 
(/) Development. Tbis intludes the history of all ths 
ch&Dges from the first irapreguBtion of the egg until the 
complete plant or animal is formed. (?h) Classification. The 
position of the living thing in our artificial system of classi- 
fication, and its standpoint in relation to other liviog thing)". 

m. Pkacticai. Work.— This book, and all the other 
books upon Science that ever were written, will be of little 
ose imless begun, considered, and ended hand in hand with 
practical worL 

Every plant or animal must be seen, examined, dissected. 
The only value of a book like this is to guide the student in 
bis observations, aud to sum up the results of them, until 
sncb time as he has made enough progress to construct a 
summing-up for himself. At the end of the account of each 
being, I shall place a few directions as to dissections to be 
made, and specimens to be prepared for microscopic investi- 
gation, that will, 1 hope, be of service to those who are 
leaching themselves or teaching others. The student should 
have the following things for practical work. 

(o) Microscopes and appendages, — (1) A simple one for 
dissection of flowers. (2) A compound microscope, with 
1 in., J in., and J in. objectives. (3) Glass slides. {■!) 
Cover glasses. (5) A razor, ground flat on one aide, for 
making sections. (6) Needles, mounted in wooden handles, 
for teazing out specimens. (7) Camel's hair brushes. («) 
Parafiin, in which to imbed objects before making sectionii 
of them. 

(6) Knives. — (1) A small case of knives, sucb as are 
used by ocutiBts, for the dissection of flowers and minuta 
animals. (2) A larger case, such as medioal students use, 
for dissection of the larger animals. 

(c) Test-tubes and re-agents. — (1) A dozen test-tubes iu 
a stand. (2) Re-agents: acetic acid, glycerine, iodine 
tincture, magenta solution, potash, sulphuric acid, chloro- 
form, distilled water. 

(d) Drawing-book. — Everything 'hat i> seen with the un- 
aided eye, or through the mici-03cope, mii^t be drawn hy the 
itudent, and explanatory notes or letters, referring to the 
different parts of the drawing, must be inserted. These la^t 
■re very necessary for the student, and, on occasion, for an^ 
one else who may see his sketches. 
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CHAPTER II. 

B,— TYPES OF LIVING BEINGS. 



I. Bacteria. 



— The methods of occurrence of tlieee 
EC, their general structure, their different 
3 them of re-agents and of temperature, 



(a) Structure. — 
organisms, thei 
forma, the effects o 
will be considered. 

(1) Occurrence, These beings, amongst the lowest forma 
of living things, are found in connexion with diseased con- 
ditions, in connexion with fermenting bodies. The red 
color noticed in mouldy bread is due to Bacteria. Such 
diseases as diphtheria, typhus fever, cholera, appear to de- 
pend on their presence. Many cases of fermentution are due 
to the presence of these organisms, and the putrefaction of 
plants and animals seems to result from fermentations origi- 
nated by them. Students who may wish to prepare these 
organisms without the help of disease will dnd the best plao 
is to infuse hay in warm water for thii-ty minutes ; filter and 
keep the filtrate in a warm place. When the hay infusion 
" ■ a high power, will be 



ace anses a great 
B bodies with these 
In transverse diameter 
Their longi- 



becomes turbid, a drop of it, i 
found full of Bacteria. 

(2) Size. They are very minute, 
likelihood of the confusion of other a 
ou the part of the young student, 
they vary between -^\j-u m, m., and ^ 
tudinal diameter is much greater than this, but i 
able to be stated with any precision. 

(3) General structure. They are masses of protoplasm 
of various shapes, that are in many cases not surrounded by 
a distinct wall. 

As this is the first time that the word "' protoplasm " 
occurs in this book, let us settle, as clearly as we can, what 
we mean by it. Protoplasm is derived from 5rpiuro?= first, 
n-Aafr^= formative matter, i.e., matter that can be shaped 
into other substances, such as the tissues of a plant or of an 
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animftl body. Protoplasoi is ihe " phyaical basis of life." 
Wherever life is protoplasm appears to be. It is setni-Suid, 
granular in appeamnce, consists of the four elenientB, 
carbon, hydrogen, oxygen and DitrogeD. It ban the power 
of contractility. A mas.t of it changes its form, aod is now 
longer, now shorter along the same diameter. ThiR proto- 
plasm, or formative matter, adheres to iodine. 80 that if 
the specimens under investigatioa are treated with iodine, 
their protoplasm staioB brown, and this re-action with 
iodine occurs with every piece of formative matter, ready to 
become actual plant or animal substance. If the piece of 
protoplasm is without aa enveloping wall, as in many Bac- 
teria, and consists of protoplasm, and protoplasm only, we 
have a plastid. If the protoplasm is invested by a distinct 
wall that is wholly destitute of structure, the being is a cytod ; 
' a plastid is a free mass of protoplasm, and a cytod is a 
.ss of protoplasm enveloped by a distinct wall. This wall 
more transparent than the contents. In the compound 
ma it is only to be seen just where the joints making up 
I compound form come in contact one with the other. In 
< still condition of these organisms the wall is exceedingly 
gelatinous. This still stage, with its thick envelope of jelly- 
like material, is known as the zoogloia stage. (Zwoi' =^ life, 
■yXoios ^ viscid,) 

(4) Different forms of Bacteria. The name " Bacteria " 
is given to various forms of living things. These plostids 
or cytods may be solitary or grouped together. When they 
occur alooe they may either be spherical, as in certain forms 
of Micrococcus, or rod-like, as in ihe true Bacteria. When 
they occur aggregated together, they may be of the form of 
rudimentary cells, as in other forms of Micrococcus, or as 
rod-like structures joined together. Even this last arrange- 
ment admits of sub-division, as rod-like parts may be con- 
joined end on, or at an angle (not of 180°), or wound in a 
spiral. A little table will make these different forms more 
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(5) Effect of reftgents and temperature. (a) Iodine. 
The protoplasm or fonnative matter adheres to iodine ; ao 
that if the specimens under investigation are treated with 
the protoplasm stains brown, and this reaction of 
occurs with all formative matWr ready to be, but 
t actually, transformed into a plant or animal sub- 
The outer wall, where it exists, is not stained with 
as is the protoplasm. The wall is no longer of for- 
mative matter. It is formed material, and formed material 
,s with iodine. {j3) Magenta or carmine solution 
also stains protoplasm, (y) A temperature of 0° kills Bacteria. 
A temperature of 60° kills them. These are their limitii of 
temperature. They thrive best at 30°. (S) Desiccation. 
They can survive a lengthy period of drying or desiccation. 
On the advent of moisture Ihey revive, 

(ft) Digestion. — Bacteria feed on decaying organic matter. 
Hence their name of faprophytea (o-mrpo?^ putrid, ^urov^ 
plant). We shall Snd hereafter that most plants feed Od 
inorganic or mineral things, most animals on organic mat- 
ters. But certain living things, of which it is difficult 
to say if they are plants or animals, feed on organic mai- 
lers that are passing down by decay into the simpler con- 
dition of mineral gases. These living things, that feed on 
matter in the intermediate stage between the organic and 
inorganic, are called saprophytes. In the laboratory we 
are able to provide Bacteria with a fluid in which they will 
live and grow, It is known as Pasteur's fluid, and is named 
after the great French experimenter. Tn his experiments 
he used the ash of the yeast plant, and this fluid contains the 
substances present in the yeast plant, together with one or two 
other bodies. The composition of Pasteur's fluid is: potassium 
phosphate, K^HPO', 1 decigram; mapneaium sulphate, 
Mg H O^, 1 decigram ; calcium phosphate, C^-^'i P 0', 
1 decigram; ammonium tartrate, (H* N)^ C^ H^ O", 
5 grams; water, H^O, 430 cubic centimetres. The student 
will see that the fluid contains the following chemical 
elements : potassium, K ; hydrogen, H ; phosphorus, P ; 
oxygen, 0; calcium, Ca; magnesium, Mg ; sulphur, S: 
nitrogen, N ; carbou, C. 

Now, when organisms such as Bacteria are burned, and 
the ash elements analysed, the elements carbou, hydrogen, 
, sulphur, phosphorus, potassium, magnesium, cal- 



GENERAL DtOLO&Y, 13 

cinm, are found to be present. We see, therefore that Bac- 
teria thrive in a fluid that coDtains these elemente, and that 
thej have the power of building up, out of mineral salts, the 
orj^anic protoplasm of which they consist. It is on this 
ground mainly that they are recognised as living thingt<. 
Their food is taken in by the whole of the general aurfacu. 
There is no definite mouth or digestive apparatus. 

(c) Absarption. — As in many of the lower living beioge, 
the function of absorption is merged with that of diges- 
tion. The whole surface of the Bacteria absorbs food. But 
■ that very absorption is here in reality a digestive process, 
|Bd results in the in-taking of food. 



(d) Circulation. — In this connexion nothing is to be said. 

(e) Respiratiojt. — Apparently all liviog things breathe. 
That which one is able Ui say of these lowly- organised 
beings can be said probably of all other plants and of all 
animals. Work implies waste. Waste implies decay. 
Decay is a form of combustion. Combustion is union with 
oxygen. Hence, when an organism is alive, it is constantly 
wasting, therefore constantly burning, therefore constantly 
oxidising. Now the products of this oxidation are iojiirions 
to the living body. They are usually carbon dioxide, or 
carbonic acid, C 0-, and steam, H- 0. These must be got rid 
of from the body. This elimination of the gaseous produpis 
of decay is effected by respiration. At the same time, the 
necessary oxygen for this combustion has to be taken in, and 
this also is effected by respiration. So that, in full, respiration 
is the taking in of oxygen necessary for the combustion of 
the working tissues of the living body, and the elimination 
of the gaseous products of that combustion. In these low 
beings the respiratory organs are the whole body surface. 
No special part is yet devoted to the function of breathing. 
By the whole surface oxygen is taken in and carbonic acid 
given out. And here it will be well to pause for a moment 
and call the attention of the student to a great principle. 

The lower we descend in our study of living things, the 
more do we find every function performed indifferently by 
every part. Nothing is specialised. The whole body feeds, 
breathes, reproduces. But as we ascend we see certain 
parts taking upon themselves certain deRoite functioan. 
L One part of the body becomes devoted to dig,«a\A<^Yi, «sv^'Cq»,^ 
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breathing ; and the higher we ascend the raore complex is 
is " physiological division of labor." So that, in the 

highest plaDls aod animals, every fuDctton and every division 
" every function has its own special region of the body set 

apart for ite performance. The verbul statement of this 

principle is known as the law of Von Biir. 

(/J Seci-etion. (g) Xirvowg Si/Btem. (h) 5fwc Organs. 

There is nothing to be studied under these. 



|(i) Motor Organs. — The student must he on his guard 
against a movement noticeable in these beings that he will 
be apt to regard as due to life. He wiL see a vibratory 
motioD occurring io these small bodies, a movement of OEcil- 
lation, the excessively minute particles of matter swaying 
backwards and forwards, or from right to left, without any 
absolute change of position. This, however, is not a motion of 
transference from one part of the fluid under the microscope 
to another. It is rather like the swaying of a pendulum 
backwards and forwards. This movement is to be seen 
whenever any very small particles of matter, living or dead, 
are suspended in a liquid. Very finely-divided charcoal or 
gamboge would present exactly the same movements if 
placed in water. Some of the Bacteria only show this 
motion, and then are sdd to be in the still stage. As in 
this condition they are usually surroiioded by a quantity of 
jelly-like material, this stage is known as the zoogltea 
stage. But very often these orgaaiams are in an actively 
mobile condition, and undergo movements of translation 
from place to place. The cause of these movements is in 
most cases not known. It is possible thej may result from 
the general contractility of protoplasm referred to on p. II. 
But in Spirillum volutans at each end a cilium or long fine 
hair-like process has been seen, and by the movement of the 
cilium that of the Spiiillum as a whole is effected. Vibrio 
has apparently a wriggling motion. This la really due to 
Vibrio having a zigzag arrangement of its joints, and also 
a rotation upon its own axis. Hence, just as with the turn- 
i[ig of a corkscrew on its own axis, there results the appear- 
ance of undulatory motion, even when there is no actual 
change of place. Bacillus is always free, and has not been 
leen in the still condition. 
(k) Reproduction. — Reproduction in living things is either 
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asexual when only one iodividual is concerned and aex plays 
DO part, or sexual where the two opposite sexes are concerned. 
Tlie former is called agamogenefiis (asiwithout, ya/ios^ 
marriage, ytytiri^ =: reproduction). The latter, gamogenesit^. 
Only the asexual or agamogenetic method ia known in 
connexion with those low forms of lilting things. The 
particular method encountered here is division or techni- 
cally, fission {Jindo=I split). Certain divisions of tlip 
Bacterium undergo transverse division. A cytod is diri'led 
into two by an ingrowth of its wall, and the cytodn thus 
formed last a longer time, and can resist injurious a^enciex 
more effectually than their fellows. By such diviriion a 
Bacterinm becomes two Bacteria. Bacillus also produces 
spores, I.e., rounded structures that arc thrown off from ihe 
parent and developed into a new being. 

{I) Development. — As the act of reproduction produces a'. 
once a being of the same nature as the parent form, nothing 
can be said under this head. 

(in) Classification. — The chief terms used in classification 
are as follows. The order in which they are now placed 
should be observed rigidly by the student. Id our artificial 
but convenient way, we regard everything in the universe 
as either mineral, vegetable or animal. Hence the talk as to 
the three kingdoms of nature. In an equally arbitrary way 
we regard each kingdom as divided into sub-kingdoms 
{sub =: under). Sub- kingdoms, again, contain classes. Each 
class is made up of orders. Ad order has genera {genua ^= 
kind). A genus consists of species. Hence in classifying 
Bacteria we say its food is inorganic, therefore it belongs 
to the kingdom Vegetabilia. It is a flowerless plant, with- 
out stamens and carpels ; therefore it belongs to the suh- 
kiogdom Cryptogamia (npinrros chidden, ya/ios^ marriage). 
There is no distinction of axis and appeodages, as in the 
stem and leaves of a tree ; therefore it is of the group 
ThaUophyta(fiaAAo^ = a sprout, .^irroi'^plant). It is without 
green color matter ; therefore of the class Fungi. Gamo- 
genesis unknown, fission the only form of agamogenesis ; 
therefore of the order Scbizomycetes (<rx'£<" ^ I split, ^vkos 
= fungus). Genus Bacterium, or Vibrio, or Bacillus, etc. 

Practical Work. — (1) Observe Brownian or molecular 
movement in gamboge or charcoal suspended in water. 
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doplast is hrought into far more distioct 
clearing away. 

(5) Effect of" temperati 
white blood corpuscles of : 
48° C, At a temperatun 
At a temperature as high 

best at a temperature of 35°, which is that of the human 
blood. 

(b) Digeelio 
corpuscle of t 

those of the frog, after removal from the body, can be kept 
alive in the watery matter of the blood that is known as 
serum, and will in this condition take in finely divided mat- 
tars, such as indigo, by absorption at the general surface. 

w - V) - 

(e) Respiration. — It is impossible to say with certainty 
whether white blood corpuscles take in oxygen and give out 
carbon dioxide. They are alive, they are at work, they un- 
dergo decay. It may be therefore that such interchange of 
gases does take place. If it takes place the general surface 
must be the agency by which it is effected ; and in the white 
blood corpuscles of some animals under certain conditions 
appear contractile vesicles, like those of Araceba (see p. 21). 

(/) - w - w - 

(i) Motor Organs. — White blood corpuscles move. If one 
is carefully watched under the microscope, the student will 
observe that its shape is not constant. It undergoes slow 
alterations of form. Spherical at first, It protrudes a portion 
here, or another portion there, and assumes very diverse 
forms. These odd-looking protrusions, which are much 
more marked in the Auiicba, are named pseudopodia (i/icvSos 
= false, TTovtT = foot). 

(i) - (0 - 

pRACTiCAi^ WouK. — (1) Draw white blood corpuscle and 
compare with red. (2) Draw one at intervals of thirty 
seconds; note change of shape. (3) Stain with iodine. (4) 
Stain with magenta. (5) Treat with acetic acid. 



III. Abheba (n/i(i/3u=I change), (a) Structure. (1) 
Occurrence. Amcebie may be found in sea water and in 
fresh, in stagnant wat«r, in mud, in damp earth. They may 
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be obtained by exposing a piece of raw meat covered with a 
little water to the sunlight until all the water has nearly 
evaporated. They may then be found in the small quantity 
of water left, or by mtncing very small portions of the sur- 
face of the meat witb water. I write nuti/ in each case. 
Amwbic are very uncertain beioga, and we may go for a 
long time without meeting with any, and at other times 
have a rich supply. When these fail the studeot, the white 
blood corpuscles will serve very well a& a make-shift, and 
they can always be obtained without difficulty. It is possi- 
ble that some Amecbas at least are only stages in the life- 
history of other organisms. 

(2) Size. Very Tarious; average diameter -6 m.m. But 
tt must be remembered that the different diameters of an 
Amceba are not always the same length. It may be at 
times much broader or longer in one direction than in 
another. 

(3) General structure. Amteba is aoother irregular 
mass of protoplasm ; but the protoplasm is to some extent 
differentiated, for nearer the centre of the Amteba it is 
more granular and more fluid than it is nearer the circum- 
ference. Hence names are given to the inner more granular, 
more fiuid part, and to the outer less granular and more 
solid part. The former is caUed endosarc (tv8oi'.= within, 
»rap^ = fle8h). The latter is called ectosarc {tKrov^ without). 
Yet Amoeba is without a distinct wall or membrane. Its 
ectosarc ia only a fllray rather more condensed part of the 
protoplasm of which the Amceba is made up. Within the 
endosarc is a more condensed part of the protoplasm, the 
nucleus or endoptast. At times within this the student 
may recognise a rounded granule, the nucleolus or endo- 
plastnle {ula =^ a diminutive ending). 

(4) Forms of Amfebie. Some Amosbie have shell-like 
coverings. At times AmccbiB become surrounded by a sac 
not unlike the gelatinous investment seen in the still or 
zooglcca stage of Bacteria. Then they are said to be en- 
cysted. Lastly, another special form of this oi'gauii^m li 
occasionally seen, in which the distinction between ecto- and 
endosarc is but little marked, and the granular structure is 
not so evident (Ammba radiosa). 

~ (A) Digeetion. — The food of the A.m(£\>a \a tOQs'C^^ \eoft. 
Loir, miaute forms of Algre, ^a,tet-^\Bii\a \o'h "i" 
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the scale of vegetable life, are die staple comestible. These 
are taken ia by a remarkable mechanism. If a particle of 
food is near an Amccba that part of the body of the latter 
which is nearest to the former is protruded as a pseudo- 
podinm (see page 21). The food-particle is touched by the 
protruded pseudopodiom, adheres to it, and as the pseudo- 
pmlium shortens and is withdrawn into the body of the 
Amoeba, once again the food piece goes with it, and is 
drawn slowly into the endosarc. There is no mouth. There 
is not even a defined region that is to serve always a£ the 
temporary mouth. Any part of the body may bo pushed 
out, and may seize food. This latter, once withio the endo- 
sarc, passes slowly through the body of protoplasm, growing 
smaller and smaller-, and after a while such portion of it as 
is not used by the Amoiba is extruded at an indefinite point 
on ihe general surface of the body. It will be noticed that 
here is an advance on the logestion of food by Bacteria. 
For in these last all the surface is concerned. But in the 
Amicba only a part of the surface is concerned in the 
taking in of any special food-piece. This part may be at 
any region. There is a clear advance in differentiation. 

Amosba gets its organic food-stuff ready made. The tiny 
vegetable things it eats have beforehand fashioned out of 
mioeral things an organic food-stuff, to be devoured in its 
turn by our Amreba. Now, the Bacteria can make their 
protoplasm out of mineral matter. Whether we, there- 
fore, consider the nature of the food or the manner of taking 
it into the body, Amccbte present a very marked advance 
upon Bacteria. 

(c) Absorption. — Here also is a slight advance. In Bac- 
teria we saw this function blended with that of digestion. 
But here, after the food has been digested, and whilst it is 
passing through the protoplasm or endosarc of the Amceba, 
the endosarc that intermediately surrounds the food-particle 
as it goes on its way must absorb nutritious parts and 
ti'dosmit them to the distant regions of the protoplasm. 
Thus even here, far down in the animal kingdom, occurs a 
simple, rudimentary but distinct act of absorption. 

(d)- 

(e) Reiipii-ation. — All that has been said as to the breath- 
iug of Baclerium applies here; and, indeed, as far as 
general principles of work, waste, decay, combustion, oxida- 
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tO'taking of oxygen, out-giving of carbon diasiile, 
applies to other living things. But whilst Bacterium only 
breathed b^ its general surface, Amceba has a special or<;iLn 
for respiration. If the student watches an Aniieba caref ulij 
for a while, be wiU presently see in the ectosarc region of 
its body a contractioo and expansion occurring consecutively, 
as if a round window were opening and shutting in steady 
succession. Now there is a clear round space in the 
ectosarc ; and now the space Is lessening and lessening UQtil 
it is a mere speck, and at last has disappeared altogether. 
Presently, at exactly the same spot, the mere speck will 
reappear and gradually enlarge until it is a clear round 
space once more. This space contractiog and expanding 
is called the contractile vesicle. As it contracts, it would 
aeem as if lines radiated from it into the surrounding sarcode 
protoplasm. This much is certain. That which follows 
not so assured. But probably this system of a central 
ice and of canals possibly radiating thence into the pro- 
toplasm around is full of water that has air dissolved in it. 
And probably the system communicates with the exterior, 
so that the water can be changed. These probabilities are 
based on the knowledge of certaiu facts known in conneKion 
with kindred structures in higher animals. If, then, we 
Lave here a pulsating central vesicle with radiating spaces 
passing thence, and if the whole system contains water 
holding air in solution, it is possible that thus oxygen is 
giren up to the living active protoplasm into the midst of 
which the water is pumped, and that the carbon dioxide, 
that, is the chief product of its waste is removed thence. 
is on these grounds that the contractile vesicle is regarded 
respiratory. Sometimes this structure appears to consist 
two or more vesicles that contract as the canals radiating 
Trom them expand. 

(/) - (s) - CO - 

(t) Motor Organs. — Pseudopodia act as motor organs, for 
one of them is protruded from, some region of the body 
the Amoeba, it may be fixed at its distal end, i.<e., at the 
end remote from the Amceban body, and then the whole of 
the rest of that body can be drawn up to the fixed part. 
Thus a crude sort of locomotion may be effected. The 
pseudopodia are at lirst wholly of ectosarc. After they 
been extruded for a little while the endosarc flows inta 
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ihe extension of the outer protoplasm. It is from tha 
tiucnerone changes of form resulting from these extruaions 
jind retractions that the Amccba takes its name of Proteus 
Animalcule, as Proteus was the shepherd of Neptune, 
nail much bunted unfortunate that he was, found it neces- 
sary to assume manifold shapes for purpose of disguise. 

In some Amoshfe the pseudopodia are confined to one 
region of the body of the Amceba. 

{k) Ueproduction. — Only agamogeoesis is known positively. 
The special form of asexual reproduction that appears 
to be customary is fission or splitting. One Ammba ia 
divided into two or more small pieces. Sometimes this 
division is preceded by encyfltation, and the Amceba first 
surrounds itself with a gelatinous envelope, and then splits 
up. 

(0 DevelopmettL — The same remark applies here as under 
Bacteria. 

(m) Clasaijication. — As Arateba feeds on organic things, 
it belongs to the kingdom Animalia. As it is not made up 
of two or more cells, it belongs to the sub-kingdom Protoiioa 
{7r/)[iiT09 =^ first, ^uiar^^ animal). As it has pseudopodia, it 
ia of the class Bhizopoda (pi^a = root, irojj! = foot). As its 
pseudopodium is broad, it is a member of the order Lobosa. 
Genus Amceba. 

Phaotical Work. — (1) Draw an Amceba. (2) Alark 
carefully the endoplast and contractile vesicles. (3) Stain 
with iodine. (4) Stain with magenta. (5) Draw one with 
pseudopodia extruded. (6) Amceba encysted. (7) One 
with food particles in it. (8) Treat with acetic acid. 




CHATTER IV. 
IV. Yeast. 
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(a) Structure. — (1) Occurrence. The ordinary browa 
powdery yeast is easily obtained at a baker's. It will excite 
the promotion of fermentation in liodies containing sugar, 
and probably whenever that process occurs in sugar-con- 
taining fluids or solids yeaat is at work. Thus a species of 
yeaet (Saccharomycee ellipsoideus) is met with on the surface 
of grapes and other fruits, and causes the grape juice to 
ferment in the making of wine. Ordinary yeast (S. cere- 
visis), if placed in a liquid holding sugar in solution, would 
induce fermentation. During part of the fermentation alcohol, 
C^ H^ 0, and carbon dioxide, CO-, are formed as the chief 
products. Glycerine, C^ H" 0^, and succinic add C H*0° 
are also found in small quantities, at the same time. To show 
that during fennentation carbon dioxide is formed, fit up a 
fiask, containing sugar, water and yeast, with a perforated 
cork, through which passes a delivery tube bent twice 
at right angles. Lot the other end of this delivery tube 
pass through a second perforated cork down to nearly the 
bottom of a second flask containing clear lime-water. This 
second flask should have a second delivery tube, one end of 
which just passes through the cork of the second flask, and 
the other dips into a second supply of lime water in a third 
flask. Apply gentle heat to the first fiaak. Fermentation 
will begin, carbon dioxide will be evolved, and passing into 
the lime-water in the second flask, will form chalk (calcium 
carbonate, Ca CO*). This will render the liquid cloudy, and 
then turbid. The object of the second supply of lime-water 
is to prevent that of the middle vessel from turning turbid 
from the carbon dioxide of the air. To show that alcohol 
is formed, place in a flask sugar, yeast, water. Through the 
cork of the flask pass a narrow glass tube open at each end. 
Gently warm the flask. When no more carbon dioxide ap- 
off, place the flask in water, a.ii4TW?.* ■Ont 
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temperature of the water steadily. The alcohol that has 
been formed will distil over. Only select the first fifth 
of the fluid that distils over. Treat this distillate with 
potassium carbonate, K^ CO'. The distiUate thus ob- 
tained will have the odor of alcohol, will be inflammable, 
and, treated with sulphuric acid and potassium anhydro- 
chroinate, K2 Cr' O^, will give the characteristic test for 
alcohol — viz., the red liquid becomes green, and a sickly 
odor of aldehyde is noticed. 

(2) Size. Yeast plants have an average diameter of 

TBTT '"■™- 

(3) General structure. Each yeast plant is a cytod. 
It consists of a mass of protoplasm enclosed by a definite 
wall, and the protoplasm is, as usual, granular, semi-fluid, 
contractile. It consists of fat (a compound of C. H. 0.) and 
what is called a proteid compound. Froteid is a general 
name given to certain complex organic compounds that, 
presenting much diversity of make, yet have a striking 
similarity that leads to the belief that there is a certain 
substance common to alt these substances, but not yet 

]e of protein is given. Chemi- 
;onsists in the yeast of tbe 
, oxygen, nitrogen, sulphur, 
esium, calcium, and that it is 
., the principle of cheese and 
.C5s.«,Hr,0=2.fi,Ni5.a,S.i. 
me can often see a space that 
tar fluid. This space is called 

t not be confounded with an endoplast. 

sndoplast. Hence it is not a true cell. 



isolated. The provisional 
cal analysis shows that it i 
elements, carbon, hydrogen, 
phosphorus, potassium, magn 
very closely allied to casein 
milk. Casein has composition 
In the granular protoplasm t 
is said to be filled with a cl( 
a vacuole. It mi: 
The yeast has no 
It is only a cytod. 

The wall is here very clearly marked. It is not a mere 
slightly differentiated part of the protoplasm, as is the ectosarc 
in Amceba. It is a definite envelope. The material of which 
it is made is closely allied to starch, and its name is cellu- 
lose. Cellulose is the usual material of which the walls of 
vegetable cells consist. Starch has the formula C° H^" 0'. 
Cellulose has the formula (C" H'" 0«)^ 

(4) EfEoct of re-agents. Treated with (a) iodine or (0> 
magenta, the protoplasmic contents are stained, i.e., they 
acquire the yellow-brown color of the iodine or the reddish 
color of the magenta. The wall is either not affected at all 
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(the most general result), or, if the iodiae does influence it, 
that which happens is that the cellulose of the wall turns 
blue. Starch and iodine always give a blue tint. Pure 
cellulose gives a like reaction. But cellulose, even ia the 
yeast, is rarely pure, and hence with iodine aloue this color 
reaction rarely occurs. A drop of very weak sulphuric acid 
applied to the yeast before the application of the iodine will 
often clean and purify the cellulose of the wall, so as to 
give the possibility of the iodine reaction, (y) Potash solu- 
tion dissolves out the protoplasmic contents, and leaves the 
■ wall as an empty sac. 
(5) Effect of temperature. 35° is the best temperature. 
100° kills yeast. 
(6) Digestion. — Nature of food. Yeaat thrives in any 
solution coQtaining sugar. Pasteur's solution with sugar is 
a habitat in which the plant thrives well. The student will 
find the compositioa of Pasteur's fluid given, ntimii' sugar, 
on page 12. To the salts and water in the quantities given 
on page 12, 75 grams of sugar should be added. Clearly, 
then, if we consider the composition of Pasteur's fluid, yeast 
has the power of building up from things mainly inorganic 
its organic protoplasm. It is this property which makes 
QS call It a plant, for plants, as in this case, generally feed 
on mineral matters, and make organic structures out of them ; 
and animals, as la the case of Amceba, feed on organic 
matters, and make yet other organic matters out of these. 
Intermediate between plants and animals in this connexion 
rank the saprophytes, such as Bacteria, that feed on decay- 
ing organic matter, i.e., the organic matter that is passing 
through stages of simplification back to the mineral king- 
dom again. But whilst higher plants than yeast, as we 
shall presently see, obtain their food iu no other way than 
this, and are, ia the main, dependent upon the mineral 
kingdom for nutriment, yeaat may, and very often does, get 
its food after the saprophytic fashion. When yeaat grows 
in fermenting fluids, it may be said to be feeding on organic 

I matter in the transition state that ends in inorganic products 
of decay. Even in the laboratory it can be shown that 
yeast will live and feed in fluids other than Pasteur's. Tbus, 
if we replace the ammonium tartrate of Pasteur's solution 
by ammonium nitrate, H^ N NO-', or if we use Meyet'a 
pepsin solution, yeast dirives well. tSow,\i\ Vna ioY^sifc^ -i^sa 
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simplified matters, replacing an organic tartrate by 
inorganic nitrate, and the yeast is more plant-like than 
■.T. Bnt in the latter case we have made matt«r8 more 
complex, for pepsin is an organic substance of great com- 
plexity, being, indeed, the nitrogenous body met with in the 
gastric juice of animals ; and when the yeast lives in this 
fluid, it is less of a plant and more of an animal than before. 
The exact composition of Meyer's solntion is as follows : — 
15 per cent solution of sugar-candy ... 20 c. c. 
Potassium dihydrogen phosphate 

KH^ PO' 1 decigram. 

Calcirim phosphate Ca:'2P0^ 1 „ 

Magnesium sulphate Mg S 0* ... 1 ,, 
Pepsin 23 decigrams. 

Finally, let it be remembered that yeast can digest its 
food without any help from light. It feeds in the dark. 
No ordinary plant can do this. The whole surface of the 
cellulose wall will take in the food. 

(«) Ahsorption. — Merged with digestion (see page 13). 

w- 

(e.) Respiration. — By the general surface. All that has been 
said Its to the breathing of the Bacteria applies here. But 
I must add that yeast can breathe in solutions containing 
no free oxygen, and in that case it is possible that the 
oxygen necessary for respiration is obtained from the 
decomposing sugar. 

(/) - (») - (*) - (■■) - „ , 

(t) Jieproduction, — Agamogenesis only obtains. But of 
this two methods are known. (1) From the cytods, that ia 
the yeast plants, lesser ones are constantly budding off. It 
is no unusual thing to see a large and a small cytod in 
connexion, and a little later to see the small one pinched 
off from the larger. This process is known as gemmation 
{gemma = a bud). (2) Sometimes a cytod will have its pro- 
toplasm divided generally into four little masses, all still 
enclosed within the first unaffected cellulose wall of the 
parent cytod. The protoplasm, in fact, separates itself 
into four little groups. After a while the enclosing wall 
ruptures, and the four masses of protoplasm, or plastids, are 
set free. Then each acquires a cellulose wall, and we have 
now four yeast plants that have sprung from the one 
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original yeast plant. This process is badly called endo- 
genous £vision (€v8ov = within, y€wa(i> = I produce). The 
name is bad, because it is not a case of cell-division that we 
have here. It is a case of free cell formation. The proto- 
plasm is not divided into two, and then into four segments 
by infolding of the wall. Round four centres four proto- 
plasmic masses aggregate, and the wall of the original yeast 
plant does not fold in and divide the protoplasm, as in true 
cell division (see page 15). The four masses that result 
from this asexual free cell formation, are known as asco- 
spores (ao-icos = a bag). 

(I) Development — The product of the act of reproduction 
is either a cytod or a plastid. In the former case no develop- 
ment is needed. The creature is already a yeast plant. 
In the latter it is only wanted as far as the formation of a 
cellulose wall is concerned. 

(m) Classification. — ^As the food of the yeast may be 
mineral, it is placed in the kingdom YegetabiUa. As it is not 
a flowering plant, and has no stamens or carpels, it is of 
the kingdom Cryptogamia. As it has no distinction be- 
tween axis and appendages it is of the group Thallophyta. 
Without green color matter, therefore of the class Fungi. 
Gamogenesis unknown ; reproduction by gemmation or free 
cell formation, not by division ; therefore order Saccharo- 
mycetes (saccAarMw = sugar). G-enus, Saccharomyces or 
Torula. Species, cerevisiaB. 

Practical Work. — (1) Draw yeast plants. (2) Treat 
with iodine. (3) Treat with magenta. (4) Crush them 
under a cover glass. (6) Draw cases of gemmation. (7) 
Of free cell formation. (8) Prove evolution of carbon 
dioxide in fermentation. (9) Prove that fermentation pro- 
duces alcohol. 
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CHAPTER V. 

V. PrOTOOOCCUS (^rpcDTOS ;= first, KOKicos = Cell). 

(a) Structure. — (1) Occurrence. This low form of vege- 
table life may be found in rain-water. Hence the water in 
water-butts, the mud in gutters and on roofs, and the 
shallow pools left shining after summer showers, are the 
best places in which to hunt for Protococcus. If Proto- 
coccus itself cannot be obtained, the green growth on the 
trunks of trees will yield its next-door neighbor, Pleuro- 
coccus, and in puddles or on Alpine regions is found Haema- 
tococcus (*(Ufia = blood), red in hue, and forming, in the 
latter, the red snow. 

(2) Size. ^ to :f^ m. m. 

(3) Grenerai structure. Protococcus is either a cytod 
or a cell. Whichever of these it. may be, (a) a viscid pro- 
toplasm will be enveloped by (fi) a cell-walL The proto- 
plasm and the wall are as in yeast. The nature of the 
former is not quite so clearly ascertained as in Saccharo- 
myces, but we may take it as approximately akin to that 
d^ribed on page 24. The wall is undoubtedly of cellulose. 
But in the protoplasm are structures not yet met with. 
Starch is there very often, and green, or red coloring matter 
always, (y) Starch is granular. It has a chemical composi- 
tion represented by the formula C^H^^^O^. In the higher 
plants its granules are of an oval form with many concen- 
tric lines. A full description of starch will be found later 
on. It is purposely postponed now because the nature 
of this starch is not as clearly made out as is that of the 
starch met with in the flowering plants. Probably in Proto- 
coccus the starch is distributed within the color-granules next 
mentioned, in the form of very minute granules. (S) Color 
matters. Here in Protococcus we find for the first time green 
or red color-matter. This color-matter is granular, or is 
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diffused through the protoplasm. It is known as chlorophyll 
(xXcopos = green, <l>vXXov = leaf). This color-matter, which 
is normally green, as in the green of leaves, may by a slight 
modification become red or yellowish, and both the green 
and the red modifications are present in Protococcns. It 
consists of carbon, hydrogen, oxygen, and nitrogen. Some- 
times the .whole cytod or cell is green. Sometimes the 
whole cytod or cell is reddish. Sometimes the two colors 
are mixed, (c) Vacuoles can be seen. (^ An endoplast 
may or may not be present. If it is not, Protococcns is a 
cytod. If it is present, Protococcns is a cell. So that here 
we have a being that is in an intermediate stage between 
the cytod and the cell. It is at times one, and at times the 
other. After Protococcus we shall never meet with an 
organism that is a cytod in our studies. Everything will be 
either a cell or made up of cells. 

(4) Effect of re-agents. Plus iodine or magenta, the 
protoplasm only is stained. Plus sulphuric acid and then 
iodine, the cellulose wall turns blue. Plus potash, the pro- 
toplasm is dissolved, and the empty wall is left. Protococcns 
can be dried for a lengthy period, and yet recover. 

(b) Digestion. — The food is mineral. That this is the 
case is conclusively shown by the fact that Protococcus lives 
in rain-water. Now in rain-water only carbon dioxide, 
salts of ammonium, and a trace of earthy salts from the 
ubiquitous dust, can be present. The mineral food-stuffs 
of Protococcus are the same as those of all plants, viz., 
carbon dioxide, CO 2, steam or water, H^ O, ammonia, 
H^ N. It will be noticed that these three important food- 
stuffs contain the four chemical elements, carbon, hydrogen, 
oxygen, nitrogen, and these are the four chief constituents 
of organic bodies in the different plants and animals. Out of 
the three binary compounds, carbon dioxide, water, am- 
monia, Protococcus can build up the ternary compounds, 
cellulose and starch, and the quaternary protoplasm or 
chlorophyll, and it is this power that makes the Proto- 
coccus a plant. Its food is mineral. It builds up out of 
that mineral food organic bodies. Unlike yeast, Protococcus 
must have light as helper. In the dark it cannot grow or 
even live. Under the action of sunlight the minute plant, 
like the larger vegetable, can seize on the carbon dioxide of 
the air, decompose this, retain the carbon, «ji^ ^^^^ crax. ^<^ 
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oxygen to the air t^ain. Ah experiment to prove that 
Protococcus, in its feeding, gives up carbon dioxide, decom- 
posea it, retains its carbon, and gires out its oxygen, is 
managed as follows. Arrange an inverted test-tube, filled 
with mercury, over mercury. Pass up into the tube above 
the mercury a little water containing Protocoeens. Then 
pass up a little carbon dioxide. Expose the arrange- 
ment to sunlight for some hours. Then pass up some 
caustic potash. No absorption takes place, therefore no 
carbon dioxide is left. Pass up some pyrogallic acid. Ab- 
sorption occurs, therefore oxygen is present. Therefore 
carbon dioxide has been decomposed, and oxygen left. The 
foodstiifTs of the Protococcus are taken in at no special 
point, but by the whole of the general surface of the body. 
(c) Absorption is merged with digestion. 

w- 

(e) Respiralion. — All that has been said of Bacteria 
(page 13) is equally true here. But as the effect of Proto- 
coccus, as of other plants, on air is two-fold, and aa a poiat 
of very great moment comes under notice here, I repeat 
briefly the essential facts to be remembered in connexion 
with respiration in plants and animals. A living being is 
at work. "Work means waste. Waste means decay. Decay 
is combustion. Combustion Is oxidation. Therefore Proto- 
coccus, as it works, wastes, decays, is burning and forming, 
as results of its oxidation, carbon dioxide and steam. These 
are to be got rid of, and this getting rid of the gaseous 
products of decay is effected by the general surface. Thus 
ranch for the respiration of Protococcus. But the effect of 
Protococcus upon the air is two-fold. We have seen thai 
it takes food in the shape of carbon dioxide from the air. 
We now see that it also breathes the air. The two pro- 
cesses must be considered together, and this consideration 
of the two processes of feeding and breathing applies not 
only to Protococcus, but to all plants. (I) In breathing, 
T'rotococcufl and other plants take in oxygen, and give out 
carbon dioxide. Thi^ process goes on constantly day and 
night, in sunlight and in darkness. (2) In feeding, Proto- 
coccus and other plants take in carbon dioxide, fix the 
carbon, and give out oxygen. This process goes ou inter- 
mittently, by day not hy night, in sunlight not in darkness. 
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Hence Protococcus and higher plants are both taking in 
oxygen and giving it out, are both taking in carbon dioxide 
and giving it out. The great question is which of these two 
processes is the more extensive. The answer to this is that 
the feeding process is much the more extensive. Truly it 
only goes on in the sunlight. But plants feed far more 
than they breathe ; therefore the feeding process masks the 
breathing process. So that much more carbon dioxide is 
taken in and much more oxygen is given out, and the total 
effect of green plants is to remove carbon dioxide from and 
to • supply oxygen to the air. It will be understood now 
why a green plant apparently only gives oxygen to the air. 
In the daytime it gives carbon dioxide, and it takes carbon 
dioxide away. The former process is a respiratory, the 
latter a digestive, one. But the latter is very much more 
extensive than the former. Hence plants work well side by 
side with animals whose main effect on the air is to receive 
oxygen, and replace it by carbon dioxide. A proper blend- 
ing of the two forms is essential for the good life of both. 

if)- (9)- (A)- 

(i) Motor organs. — ^The ordinary and best-known con- 
dition of Protococcus is a stationary one. But at times 
another state of the plant is seen. The round cells full of 
protoplasm change into round cells from whose wall the 
protoplasm is withdrawn at all points save two. At those 
points the protoplasm passes through the wall, as two fine 
threads that, protruding beyond the cellulose envelope, are 
plunged into the outside water. These prolongations are 
motile. They are cilia, and, lashing to and fro in the water, 
urge the Protococcus along at a considerable speed. Some- 
times the cellulose wall vanishes altogether, and a naked 
mass of protoplasm, a plastid with two extensions of a 
slender motile nature, moves through the water. The 
motion of these cilia is so rapid that only the result of it 
can, as a rule, be seen. The movement of the cilia itself is 
indiscemable. But if the motile Protococcus is stained 
with iodine it dies, and the two fine filaments are rendered 
visible. 

(k) Eeproduction. — Agamogenesis only is known as yet. 
The form of this generally met with is division or fission. 
The round single cell is gradually divided mXoVw^Xyj V>a.^ 
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iDgrowth of the cellulose wall athwart the cell, 
partition extends across the Protococcus, and the Proto- 
coccus becomes Protococei. The two thus formed by divi- 
sion of an older one are often seen still attached to one 
another, though sooner or later they separate. Gemmalioa 
or budding occurs occasionally. 

[I) Development. — Here, again, the division of a Pro- 
tococcus into similar ones does not admit of any history of 
development. But a curiouB point occurs in connexion with 
the two stages, stationary and motile, of Protococcus, 
Which is to be regarded as the primal form ? Which is to 
be regarded as the after development ? If we take the s 
tionary Protococcus as the adult condition, fission is 
method of reproduction, and two exactly similar Protococei 
result, and later each of these may become a motile Proto- 
coccDB, which in its turn will go back to the still state. If 
we take the motile condition as the adult condition, rejuve- 
nescence, or the formation of one cell from one cell, the 
cell formed being of an order other than that of the one 
whence it origioates, is the method of reproduction. One 
dissimilar, stationary Protococcus results, and later this may 
divide into two or more of the same kind, and either itself 
or its progeny may pass into the motile stage. As the 
motile condition is so frequently met with in connexioa with 
reproduction in the plants most nearly allied to Protococcus, 
I am inclined to regard the still Protococcus as the adult 
form ; the motile, with its rejuvenesceoce, as representing 
the reproductive stage : to consider the first-formed still 
Protococcus as the result of reproduction, and all divisions 
of this as Bgamogenetic stages in its development. If ev 
the motile stage of Protococcus and its rojuvenescence a 
shown to be dependent on or connected with some form of 
gamogenesis, this suggestion will be of moi-e value. 

(m) Classification. — For reasons given above, Protococcus 
is of the kingdom Vegetabilia, of the snb-kiogdom Cryp- 
togamia, of the group Thallophyta. It has chlorophyll, and 
is therefore of the class Algas. As no sexual reproduction 
is yet known, it belongs to the sub-class Protophyta (Trpoiros 
= first, t^vTov ^ plant). As it is green as a rule in color, 
the order is PbycochromaceiE (((jukos = Alga, ;y)'ii/io? = 
color). The genus is Protococcus, and the species plnvia- 
lia {pluvius = rain). 
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Practical Work. — (1) Draw stfll Protococcus. (2) 
Stain with iodine. 3. Stain with magenta. 4. Treat with 
potash. 5. Make experiment as to its feeding, referred to 
on page 30. 6. Draw motile Protococcus. 7. Draw Pro- 
tococcus undergoing division. 
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VI. IsFcsoRiA, — TrPBa: Bell Animalcule oit Vorti- 

CELLA AND PaEAM(ECIUW. 

(a) Structure. — (1) Occurrence. These mioroscopic ani- 
roals are tDbabitants, as a rule, of water. The water may 
be fresh or salt. They are found in ponds or in the sea. If 
any plants are allowed to remain for a while in water, that 
water will be found teeming with the organisms now to be 
coDsidcred. Hence the name Infusoria, as they occur in 
vegetable infusioDB. Some few are parasiltc on animals. 
Thus in the intestine of the frog two large forms are met 
with. One of them is semilunar in shape, and in known as 
K^yulotheruB ; the other is pyriform or pear-ebaped, aad 
is known as Balantidium. These two Infusoria are free, 
i.e. are unattached to any definite basis. In the vegetable 
infusions a large number of Infusoria are also free, moving 
with great rapidity through the water. The two most 
common of those are Colpoda, a bean-sbaped animal seen 
in hay infusions, and Faramceciura, of shape something like 
a i-lipper. This last is very common in water where plants 
have been living, and will be now described along with the 
bell- animalcule. The student often cannot obtain the 
latter, but can almost always get Paramcecium. 

Of the fixed Infusoria, Vorticella, or the bell- animalcule, 
is the best known. The animal is fixed by B long stalk 
eiiher to water plants or to the limbs of Crustacea. The 
stiilk is simple, unbraoehed and contractile. Three other 
forms of Infusoria are met with in water in which Vorti- 
cella is likely to be present. These are very like Vorticella, 
but can be distinguished from it as follows. If the support- 
ing stalk is branched and does not move, the animal is 
Epistylis. If it is branched and can move, we have Car- 
chesium. If the stalk is very short, and the animal has a 
kind of cup or envelope into which it can be withdrawn, it 
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is a Cothurnia, Any one of theee maj be met witb, and 
the study of any oae of them ia practically the same as the 
study of Vorticella, Our description will now be maile in 
reference to Paramosciuin and Vorticella mainly, 

(2) Size. All lofusoria are microscopic aad their 
diameters vary greatly. 

(3) General Structure. These beings are unicellular. 
A cell is a mass of protoplasm surrounded by a defi- 
nite wall and enclosing a more solid portion known 
as nucleus or endoplast. In each Infusorium there ia 
a wall, a mass of protoplasm, and an endoplast. The 
wall is more dense, more transparent than the rest of 
the animal, and is of formed material. It is called the 
cuticle {cutis = skin, iciila = a diminutive). The proto- 
plasmic contents consist on the exterior, i.e. in the region 
next to the cuticle, of a granular layer that is often marked 
by fine transverse lines or striie. This is the cortical layer, 
sometimes called the contractile layer from its property of 
contractility, sometimes diaphane from its clearne:iB. Within 
the cortical layer the protoplasm is softer and more Quid, 
and here it is called sarcode. So that from within outwards 
we have sarcode, cortical layer, cuticle. 

Within the protoplasm is the nucleus or endoplast. This is 
always said to be in the cortical region, but it is certainly not 
there in Paramcecium, Colpoda, or the two Infusoria that are 
parasitic upon the froj;. In Vorticella the endoplast is elon- 
gated, generally granular and of a horseshoe shape. Within 
this endoplast in most Infusoria, but not in Vorticella, is a 
yet more defined portion, called nucleolus or endoplastule. 
That which has been said is in the main true of all Infusoria. 
Vorticella itself is peculiar in one or two ways. In the first 
place, its body is cup-shaped, and the rim of the cup is 
thickened and everted or rolled outwards. This thickened, 
everted rim is called the peristome (irtpi = around, oriu/in = 
mouth). Within the rim is a ftattened part or disc. The 
relative position of peristome and disc will he understood if 
the student will imagine a moustache-cup in which the lim 
is the peristome, and the sbelf to guard the moustache repie- 
sents the disc. Only the disc extends nearly completely 
across the cup, and not only across a small pert of ir, us in 
the moustache-cup. The free edge of the disc is also 
thickened. Between the thick free edge of the dia<i, Mi4\Vs. 
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thick, everted edge of the peristome is a groove. At one 
place this groove leads into a caoal, the veslibulum (ante- 
chamber). In the second place, \'orticella has its body 
' >i] a stalk. This stalk cousists of an outer sheath 
with the cuticle of the body above, and a central 
ftKis continuous with the cortical layer. 

(4) Effect of re-agents and temperature. (a) Plus 
iodine, everything is stained, except the cuticle, that ia of 
formed material ; the rest ia protoplasmic. (13) With ma- 
genta similar results follow. With both these the endo- 
plast comes out especially clearly, (y) Potaab. The proto- 
plasmic contents disappear, but the cuticle remains. (S) 
Osmic acid, Os 0+, is of great use in killing Infusoria, 
stopping their rapid movements, and enahliag the student to 
see the structure of the animal with much greater distinct- 
oess. (() They can undergo desiccation for a considerable 
period, and revive on the application of moisture. 

(i) Dije^tion. — Their food is organic, and chieSy of vege- 
table nature. They in almost all cases have a mouth, a 
distinct opening that leads to an ccsophagus or gullet. ThU 
is the first time that we have encountered a definite moutb. 
Amceba takes in food at any point, Paramcecium and Vor- 
tieella only take it in at one point. The mouth leads into 
an ffisophagus, but the <csophagus does not end in an in- 
testinal canal. It ends abruptly in the sarcode of the in- 
terior of the body. It is open at the mouth extremity, hut 
the opposite extremity is clogged up by sarcode. So that 
the food, after passing in at the mouth and down the ee^o- 
phagus has to slowly make its way through sarcode, after 
the fashion that was general in Amceba. This, then, is the 
beginning of a digestive canal, but not the whole of one. At 
the lower end of the <csophagus the food is shaped into little 
pellets, each of which is surrounded by a layer of water, and 
these food vacuoles pushed on by the newer ones forming 
after them, make their way through the sarcode, often in a 
very definite course. As these pass through the sarcode, 
the digestive portions of them ai'e taken up by the animal ; 
and at last the indigestible residue ia got rid of, not at a 
definite aperture in the body wall, hut at a definite region ; 
that ia to say, there is no terminal aperture to the alimentary 
canal, but there is a clearly defined region, whereat the un- 
nsed portions of the food are extruded. All this can be best 
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seen in the Infusoria, by placing in the water some fiaely- 
divided carmine or indigo. The particles of these colored 
bodies will be taken in at the mouth, and may be watched 
in their passage through the body of the animal. 

All the above is general. Turning to individual cases, 
it must be noticed that Yorticella has a mouth, not upon 
the surface of the body, but at the bottom of the vestibulum. 
Nyctotherus has a long curved oesophagus. Balantidium, 
the other frog-haunter, has a very short oesophagus, and in 
this animal the circulation of the food vacuoles is very 
plainly seen. They pass up one side of the body and down 
the other, always keeping well within the corticsd layer. In 
Paramoecium, the tract through which they move is more 
limited. The circuit is completed in from 1^ to 2 minutes, 
so that the speed of their motion is about ^^ m.m. 
to ^^ m.m. in one second. In Nyctotherus the passage 
of the food vesicles is so definite and so limited, they go so 
directly from mouth to anal region, that there is a direct 
foreshadowing of an alimentary canal. 

(c) Absorption, — The layer of sarcode that is most im- 
mediately in contact with the circulating vacuoles must be 
the absorptive one, and must transmit that which it has 
absorbed to the more distant parts of the body remote from 
the food structure. 

{d) Circulation, — Unless we are to regard the food vacuoles 
as in some sort blending the functions of digestion and of 
circulation in these beings, nothing is to be said under this 
head. 

(e) Respiration. — Infusoria work, waste, decay, burn, 
oxidise. Oxygen must be taken in, carbon dioxide must be 
given out. That this is effected by the general surface is 
probable. But contractile vesicles, like those of Amoeba, 
exist in these animals. They are in the cortical layer, and 
in the case of Yorticella the contractile vesicles are just 
below the disc. Paramoecium has two such vesicles. When 
the contractile vesicle expands its space extends as far as 
to the cuticle, and only that external layer is between the 
cavity of the vesicle and the exterior of the body. It is 
therefore possible that through the cuticle, either by a 
direct opening or by osmosis, the necessary water may 
be taken in, charged with fresh oxygen. The radiations 
from the contractile vesicle that a^^ea.^ ^V«a \)cka \^\sst 
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^^H organ cootracts ere very well marked, and exteod into 

^^H quite distant regions of the body. The sjBtem is, yet more 

^^H clearly thao in the Amosba, a respiratory one, and may 

^^H be called a water- vascular system, for a water-TascuIar 

^^H system here, and in yet higher animals, is a set of vessels 

^^P (ras = vessel) containing air dissolved in water, contractile at 

one region, probably communicating with the exterior so aa 

to admit of change of the contained fluid, and serving to 

introduce oxygen into, and tc take up carbon dioxide from, 

the active parts of the body. 

■ (/)- («)- 
(A) Senae Organs. — That Infusoria are sensitive to varia- 
tions of light is shown by the way in which they congregate 
towards the side of the vessel whereon the light most falls, 
and they are exceedingly responsive to the stimulus of the 
electric shock, as will be seen when we deal with their 
I movements. But do true sensory organs have hitherto been 

^^_ observed. Certain little color-spots noticeable in some Infu- 
^^ft Eoria have been dignified with the name of eyes ; hut it ia at 
^^H least open to question whether this naming is not premature, 
^^^f (i) Motor Organs. — The motor organs of Infusoria are 

all connected with the cortical or contractile layer. This 
layer is in some cases striated, and suggests muacular struc- 
tures. This striation is least seen in Nyctotherus and 
Balantidium. But the chief organs of motion are minttte, 

Iboraogeoeous, constantly active cilia, or fine hair-like pro- 
cesses that are visible on the exterior of the animals. These 
cilia are always in connexion with the contractile layer. 
They .seem to spring from the cuticle ; but, with careful 
examination, they may be traced at their bases into direct 
communication with the protoplasmic cortical region. Their 
motion ia very rapid and determinate. It might be called 
even co-ordinated. They seem to work together. There ia 
no trace of structure in them : no fibres, no lines. They are 
quite homogeneous throughout. Yet their motion is very 
marked, and it is affected by stimuli such as electricity, 
ehloroforui, and opium in the same way as are the nervous 
and muscular organs of higher animals. Sometimes these 
cilia are distributed over the whole of the body, as in the case 
of Paramcecium. Sometimes they are restricted to particular 
regions, as in the case of Vorticella, for in the latter the cilia 
are upon the edges of the peristome, or outer rtm, and on 
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the edge of the disc. Hero tUey serve excellently to sweep 
food particles into the vestibule, at the lower end oE which 
is the mouth. The movements of the body aa a whole in 
thig animal are unaffected by the cUia, except in the rare 
cases in which Yorticellit detaches itself from its stalk, and 
for B time swims freely by the aid of cilia, Vorticellu's 
chief movement is brought about by the ageocy of the 
stalk. That stalk is contractile. Its central axis is in direct 
continuity ivilh the cortical layer of the body above, and ia 
muscular. \Vliezj under the influence of any stimulus, as a 
shock given to the glass upon which the animals are, or a 
very weak solution of acid, or a very weak electncal cur- 
rent, or often when minute observation can perceive no 
stimulus at all, the stalk contracts into a coil, the disc is 
drawn down into the cup, the edge of the peristome ia curved 
inwards, and the body becomes globular, and crouched down 
close against the plant on which it is living. When all fear 
is over, the order of expansion is invariably, elongation of 
the stalk, eversion of the peristome, protrusion of the disc. 

(i) Reproduction. — In Infn^oria for the first time we meet 
with agamogenesis and gamogenesis. Asexual and sexual 
reproduction are seen here. All the known forms of agamo- 
genesis present themselves in this class. Budding or 
gemraation, such as we saw in yeast, may occur. In Vorti- 
cella the gemmation is from the endoplast. That structure 
divides into several segments, and these are afterwards set 
free us new Vorticellie. Splitting or fission is encountered. 
Most generally fission takes place at right angles to the 
longitudinal axis of the body. It is then called transverse 
fission. But in Vorticella the fission takes place along that 
longitudinal axis from above downwards, and this kind of 
fission is longitudioal. In both kinds of fission the endo- 
plast divides first, and each of the two new beings formed 
has a fraction of the original endoplast. The third method 
of agamogenesis is encystation, which is the same as the 
free cell formation seen in yeaat. In other words, the In- 
fusorium becomes still, loses its cilia, is surrounded with a, 
gelatinous wall, and the endoplast is generally greatly 
dilated, Colpoda, e.g., undergoes this change, and theu the 
substance of the animal breaks up into two, four, or more 
The external cyst ruptures, and these parts are set 
and become the new ColpodK. li ftift wva^aX-aSlvoia. 
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tHkea place with an ordinary Vorticella, only one Vorticella 
re.^ults. Here there is do increase of number. One results 
from one, and this process ought to be called rejuvenescence. 
According to Everts, a Vorticella has been seen to become 
encysted, and then give rise to another geuns of Infusoria, 
known as Tricbodina grandiaella. The Tricbodina bastben 
divided transversely, and each division has become a Vorti- 
cella. Again, a species of Infusorium known as Amphi- 
leptua has been^een to surround a stalked A'orticella, and 
then to become encysted upon the summit of the Vorticella 
stalk. 

We may now sum up the viirious forms of asexnal repro- 
driciion at present known in plants and animals. There is 
rejuvenescence where one cell forms one cell, as in the 
encystation of certain Vorticella, and the formation of a 
sinijle Vorticella from a preceding individual. Fission, or 
division, where two are formed by the splitting of one. 
( iemmation, which is only a. special case of division wherein 
the two bodies formed are of unequal size, while in ordinary 
fission they are of the ?ame size. Free cell formation, in 
which the protoplasm within the cell wall divides, but the 
wall does not; so that with in the unchanged old wall are 
formed several masses of protoplasm, and when the wall 
bursts these are set free, A tabular arrangement follows : 

gg f Odb forniBd from one = RejavenesccnoB. 

« L C rProducts eqaal in aiie 

I I The wall iaintoldBd! ^Fission. 

a ^ More than anej =^Diviaion. 1 Produeta not aqutl in 

§ I fonneii trom one. | |_ size = GoramaWon. 

-I I The wall not infoldad.; pratoplHBm 

c; L L "n'y Ji'Ideii = Free-cell funnatiDn. 

For fuller details npon this and all the phienomena of re- 
production, see the author's " Biological Problems and 
Discoveries." (Freethought Publishing Co., 28, Stonecutter 
Street, E.C.) 

A true sexual reproduction also occurs in Infusoria. It is 
effected by the coming together of two animals of the same 
species, fiut as these present no difference of ses as yet, and 
are apparently exactly alike, this coming together of two 
exactly similar cells is called "conjugation." Nevertheless, 
as two distinct individuals are concerned, though we cannot 
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yet see any difference between them, this may be regarded 
as a sexaal act, a case of gamogenesis. 

Let us see how this occurs in Yorticellae and Faramoecia. 
An ordinary Yorticella divides longitudinally again and 
again. Thus are produced many small Yorticellae on a 
common stalk. These detach themselves, and each of them 
conjugates with a large ordinary Vorticella : that is to say, 
the small one attaches itself generally to the cuticle of a 
large one, and gradually the two completely fuse together. 

Then the endoplasts break up. The segments of the 
endoplast may remain separate, or they may conjoin into 
one mass. If they remain separate some of them become 
germ-masses, whilst the rest rejoin and form a new endo- 
plast. If they conjoin they form what is called a " Pla- 
centa." This placenta throws off germ-masses, and then 
lapses into the condition of an endoplast again. In either 
case the germ-masses give off parts of their substance, 
which escape as ciliated embryos, or young Vorticellae, 
through a special opening in the cuticle. 

In Faramoecia a yet more complex arrangement obtains. 
Conjugation here lasts four or five days. The Faramoecia 
conjoin in pairs by their mouth ends, and do not com- 
pletely fuse together, as in Vorticellae. Whilst they are 
thus attached to each other, the endoplast enlarges and 
forms small round bodies that we may call eggs. The 
endoplastule within the endoplast becomes oval, and marked 
with fine longitudinal stripes. Then it divides into two or 
four divisions, each of which contains many curved rods 
that we will call spermatozoa ((r7r€/o/xa=seed, ^<oov= animal). 
These appear to have the power of impregnating the eggs 
of the endoplaj^t. 

(Z) Development, — ^In all cases of agamogenesis the being 
produced differs so little from the parent that no history 
of the development is needed. In the case of fission a basal 
circlet of cilia appears usually ere the two forms detach 
themselves one from the other. But in Faramoecia at least 
there are stages of development such as we have not yet 
encountered. The first germs probably result from the 
impregnation of the eggs formed in the endoplast by 'the 
spermatozoa formed in the endoplastules or rudimentary 
testes. Their membrane is brought into view by the actioa 
of acetic acid. Their contents are grey\s\i ^\«^^^ Ti^-aA-^ 
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homogeneous. Later, endoplast and contmctile vesicle ap- 
pear, and the emhryo quits the interior of the mother, provided 
with extensions of its body that are knobbed at their free 
eods, and have also at that end suckers. By aid of the^e 
the young Paramoicia adhere to the body of their mother, 
and derive nutrimeDt from her. Still later, they detach 
themselves from her, lose these knobbed sucker- bearing 
extensions, or tentacles, aa they are called, acquire cilia and 
a moutb, and are Faramcecia of the parent type. 

(wi) Classijication.— 'Kingdom, Aoimalia ; sub-kingdom. 
Protozoa (page 22). Aa they have no pseudopodia and are 
cells, not plastids or cytods, and have cuticle, cortical 
layer, sarcode, they belong to the class lofusoria. As they 
have cilia, to the snh-claaa Ciliata. If the cilia are dis- 
trihnted all over the body as in Paramcocium, the order is 
Holotricha ("0X09= whole, 6pi^ (t/)i;^os) = hair). If the 
cilia are only found along a definite line of the body, as in 
Vorticella, the order is Peritricha {Trtpt = around). Genera, 
Paramoscium and Vorticella, Species, P. bursaria ia one 
of the commonest. 

Practical Work, — (1) Draw Paramecium, marking 
especially the three regions of the body, the endoplast and 
positions of the two contractile vehicles. (2) Draw Vorticella 
expanded, (3) Draw Vorticella contracted, (4) Treat 
with iodine, (5) With magenta. (6) With acetic acid, 
(7) With osmic acid, (8) Draw specimen nndei^oing 
fission. (9) Draw an encysted Vorticella. (10) Conja- 
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CHAPTER VII. 
VII. Moulds. — Types, Penicillium and Mucor. 

Penicillium glatLCum : Green Mould, 

(a) Structure, — (1) Occurrence. This, the most frequently 
occurring form of mould, is found on jam, on bread, on old 
boots, or any form of leather. 

(2) Size. The threads of which it is composed (v.i.) are 
of very varying length, and even their transverse diameter 
is not uniform. It is impossible to give the length. For 
the transverse diameter ^jj m.m. may be taken as an 
approximation. 

(3) General structure. To the unaided eye Penicillium 
is a mass of interwoven threads covered with greenish dust» 
The greenish dust is a collection of the spores to be presently 
described. The interwoven mass of threads immersed in the 
jam, or the bread, or the leather, is the mycelium (jxvkos = 
fungus). This mycelium is made up of many threads. 
Each thread is a hypha. Each hypha is formed by the 
conjoining of several cytods, end on with one another. 
The individual cytods are in no way essentially different 
from the cytods that are called yeast plants, save in that 
they are rectangular in shape, and of much greater length 
than breadth. Each has a cellulose wall. Each contains 
protoplasm, and in the protoplasm one or more vacuoles 
may occur. There is no endoplast. The protoplasm is, as 
usual, granular, but the layer of it that is next to the 
cellulose wall is less granular and more clear than the rest 
that is more internal. This outer layer of protoplasm that 
is in contact with the cellulose wall is known as the 
primordial utricle. It is named *' primordial," because it 
was thought to be of the first importance. It is called 
*' utricle," because this word means a bladder. So that in 
Penicillium, the cytod of yeast has become elon^ated^ ^-cA 
in place of being oval is now rectangular. TYkftii ^e^et^ ^^ 
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these rectangular cytods have been joined one to anotlier 
in a longitudinal row. Then the hypha;, or threads, thus 
formed, have been interwoven together to form the mycelium 
or network of threads. The great advance here is in the 
fact that many cytods are conjoined, and the plant no 
longer consiata of only one. The threads, or hyphie, are 
often branched. Generally the branching is peraiatently 
into two divisions. This is called diehotomous branching 
(Sixo'i = double, To/iTj ^ cutting). From the mycelium 
threads are given down into the substance iipoo which 
Fenicillium is living. These are called the submerged 
hypha?. Yet other threads are given up into the air, and 
these are called ai;rial hyphte. 

(4) EfEect of re-agents. (a) With iodine, only the 
protoplasmic contents are stained. (j3) With magenta, simUsr 
results follow, (y) Potash dissolves out the protoplasm aod 
leaves the empty cell wall. (S) Penici Ilium can hear 
desiccation, in the same way as Bacteria. 

(5) Digestion. — The food of Penicilliura is as that of the 
yeast plant. It will grow very well in Pasteur's fluid, with or 
without sugar. Therefore it has the power of building up its 
protoplasm chiefly from inorganic things. But it will grow 
also in Pasteur's Quid that contains ammonium nitratfi in 
place of the tartrate, or in Meyer's pepsin solution. As this 
mould is found living upon decaying and organic things, it 
would seem to be a saprophyte, and to be able to feed upon 
organic matters as they pass through the stages of decay 
towards that inorganic condition that is the ultimate fate of 
all living bodies. 

If we consider how Penicillium takes in its food, whilst 
the general surface seems, as in the yeast, the main agent in 
ingestion, one is tempted to suggest that perhaps in this 
plant the submerged hyphce, plunged as they are into the very 
depths of the decaying matter in which the mould grows, 
may be the special food absorbers, and that in this we may 
have a slight specialisation of function. 

(f) Absorption. — Once mora this is merged with the func- 
tion of digestion. The very act of taking in food is an 
absorptive one. Not until high up in the animal kingdom 
shall we find theso two functions clearly distinguished. 

(d) Circulation. — For the first time we have, I think, 
indications of this function. In Penicillium, a number of 
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cytods are placed eod to end. Only some of them, those 
that form the submerged hyphaj, appear to be taking in food. 
From these, that which is taken in must be transferred to 
other parts of the mould. This must be effected by trans- 
ference from cytoil to cytod of the fluid resulting from 
digestion. There is no central mechanism, like the heart 
of animals, for urging this fluid from one part to another. 
Such change of position, if it actually occurs, must be 
brought about by osmosis. Probably the movements of fluids 
in plants generally depend, in the main, upon this principle. 
As we here meet it tor the first time, it will be well to get as 
clear a conception of it as possible. Osmosis is the passage 
of fluids throngh membranes. Two great laws are known 
in regard to this osmosis. (1) It can only occur when both 
fluids adhere to the membrane. Thus, osmosis will not occur 
when mercury and water ore upon opposite sides of a piece 
of wash-leather, because the mercury will not adhere to the 
wash-leather. (2) If the two fluids are of unequal density, 
the lighter one will pass through more rapidly than the 
heavier. Now, in all probability these principles apply in 
the case of PenicilHum. For, consider any given cytod of 
this plant. It contains fluid ; the next one to it contains 
fluid. The latter cytod is nearer the submerged hyphie, let 
us suppose, than the former, lis contained fluid is therefore 
probably rarer or lighter than that of the cytod that is 
more remote from the submerged ingesting hyphse. This is 
the more likely, as the longer a fluid has been in the Peni- 
cillium, the more likelihood has there been of its exposure to 
evaporation, and therefore the greater is the chance of its 
being increased in density. If then the one cytod contains 
H fluid, which, from its having been longer in the plant, and 
from its being farther away from the ingesting threads, is 
more dense than the fluid in an adjacent cytod, a greater 
flow will take place from the latter to the former, and a 
circulation of fluid will set iu. Hence it is probable that 
such circulation from the lower hypha, through the myce- 
lium to the higher, does take place. 

(e) Respiration. — As in yeast or Protococcus. But, per- 
haps, in this function also there is some specialisation, for 
the submerged hyphte and the ordinary mycelium can effect 
little in the way of breathing. But the atrial hypbse pro- 
i tmded into the air, and in very contact wU\l.\^so■K3%wi^'«^*l 
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nerve, aod I think must serve, especially for the perfoT 
of this functioQ. 

(/) - (5) - (h) - (0 - 

(/') Reprodvciivii. — Agamogenesis is the more fi-equei 
<>t' the two methods. The aerial hyphic, if they are not too 
iipar the circumference of the patch of would, are found to 
;iive off many branches at their free ends. Each of these 
branches, by a series of transverse constrictions, is divided 
into many rounded bodies, like the beads in a necklace. 
The branch is a conidiophore (ifttpia = I carry). The 
rounded bodies are called conidia. These con id i a are 
asexual reproductive organs. They make the powdery 
matter that one sees upon the surface of the mould, and may 
he looked upon as spores, or gemm;t\ or buds, that may, as 
will be seen below, reproduce the whole Penicillium. 

Another method that is agamogenetic has recently been 
discovered in Penicillium. Upon one of the aerial hyphw 
a round body may be seen as large as a small pin's bead. 
This is a mass of rounded cytods. But the microscope 
reveals running through this a nuinber of hyphip. These 
liypbie bear little hollow sacs, within which are formed 
spores by free cell formation. Each of these hollow sacs 
borne by a hypha is an ascus (p, 47). The spores formed 
within it are ascosporea. Later on, the whole of the 
rounded mass of rounded cytods vanishes, except the outer- 
most wall. That remains, and within it are the hypha:, 
bearing asci or spore- cases. 

Ha that Penicillium forms conidia by a kind of gemmation, 
and ascospores by free-cell formation. 

{/) Development . — Conidia, placed in Pasteur's fluid, with 
or without sugar, begin to develop. They bulge out at 
one or more points. From each of these points a hypha is 
developed. These hypha; elongate and branch. Later on, 
transverse eepta or partitions are formed. And in good 
time a mycelium of hypha; is made. This sends downwards 
the submerged hyphaj, and upwards atirlat ones that develop 
conidia. 

{m) Classijieation. — Kingdom, Vegetahilia. Sub-king- 
dom, Cryptogamia. Group, Thallophyla. Without chloro- 
phyll, therefore Class, Fungi. Mycelium of hypb» made 
up of many cytods ; spores in asci, therefore Order, 
Ascomycetes. Genus, Penicillium. Species, glaucum. 
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^^H. {a) Structure, — (1) Occurrence. This mould is aleo likely 
I to be found in similar situatioae to those in which Fenicillium 
is encountered. But one of the best w&ys to obtain Mucor 
for work is to expose horse-dung for two or three dnys under 
a bell jar in a fairly warm room. Quaatitiea of threads will 
develops on it, aod these threads are those of Mucor. 

(2) Size. The threads are longer and broader than are 
those of Fenicillium. 

(3) General structure. Here, as in Fenicillium, we have 
a mycelium of hyphie, with submerged and with aerial 
threads; but in the young Muoor, at leaat, this mycelium 
does not present transverse partitions. It is of one cell only 
at first, althougli later on partitions may be met with in 
older Mucora. But dichotomoua branching does not occur, 
an that Fenicillium and Mucor can be easily distinguished 
one from the other. The long cell-wall is, as before, in the 
main, at all eventa, of cellulose. The protoplasm is as of 
old, and is vacuolated. 

(4) Effect of re-agente. These act upon Mucor as on 
Fenicillium. 

(b) — (i) Are all to be dismissed with the same treatmeot 
aa they received in FeniciUium, save that under (d) Circu- 
lation it should be noted that osmosis cannot so well come 
into play, as in all but old specimens no partitions exist, 
except at the regions where the hyphse carry the spore- 
sacs (v.i.). 

(k) Reproduction. Both agamogenesis and gamogenesis are 
known. (1) Agamogenesis. (a) Free -coll formation. The 
aiirial hyphas do not carry conidia, but they have quite large 
and palpable round beads. Each of these heads is an ascus, 
or aporangium, or spore case. The aseus is separated from 
the hypba that bears it by a transverse partition, that is 
usually bulged up into the ascus to form a small convex 
dome, the columella. The wall of the ascus is rich in 
crystals of calcium oxalate, Ca C^ O*. Within it are 
formed by free-cell formation many spores. As these are 
formed by free-cell formation, not the whole of the proto- 
plasm enters into them. That which is not used in the 
forming of the spores remains as ao intermediate substance. 
Gradually the wall thins away, until only the crjsle.U^ m 
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very little more than the crystals, are left. Now, the wall 
ie very brinle, and h very slight toneh will cause it to rupture. 
Thus the contained ascospores are exposed to the air and the 
water surrouodinff the Mucor. The intermediate substance 
swells and dissolves away. The wall of the ascus, after 
ruptnriag, falls away, though the basal supporting cell 
remains with the columella. The spores are set free. 

(|3) Gemmation. If Miicor is not allowed to grow at the 
surface of a sugary liquid, bat is kept submerged, gemma- 
tion or buddiog is the method of reproduction that obtains. 
Coincident with this persistent gemmation, is, after the 
fashion with yeast, a fermentation, so that this stage is often 
named the Mucor Torula. 

(2) Gamogeaesis occurs in the form of conjugation. Two 
different threads, or two parts of the same thread approxi- 
mate. Each gives out a process towards the other. The 
free ends of these processes dilate and then touch. Next, 
the protoplasm in each of these processes is cut off by a 
transverse partition from the great mass of protoplasm in 
the rest of the bypha with which the process is connected. 
So that DOW the two touching ends of the two processes are 
cut off from the two threads, or the two parts of the same 
thread, whence they took origin. The two partitions at the 
originally free ends of the processes, now vanish, so that the 
two masses of protoplasm in the two processes blend and 
form a body, the result of conjugation. This body is often 
badly called a zygospore {^vyiiv '= a yoke). It is better 
called a zygosperm (a-Tripjui^= a seed). It is clearly a pro- 
duet of sexual reproduction, though we do not know which 
is the male or which is the female parent, and it is wise to 
restrict the name "spore" to asexual results. This zygosperm 
has two coats, the outer dark esosporium, the inner colorless 
endosporium. Both have irregular elevations on their 
surface, 

(/) DeoelopmtiU, — (1) Of the aswospore. The ascosporea 
are oval, and have exactly the same parts as a hypha, viz., a 
cellulose wall, primordial utricle, protoplasm, save that the 
wall is colored. Uuder favorable circumstances, as e.g., 
if placed in Pasteur's solution, the oval spore becomes 
spheroidal, and sends out several extensions, each of which 
becomes a hypha. As I have said, no partitions or septa 
appear at first, so that Mucor is for soma time unicellular. 
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After a time, from the centre of the mycelium thus formed, 
a vertical aerial hypha is given' off. At the end of this 
is formed a dilatation, the sporangium. This is cut off 
from the hypha that carries it by a transverse partition, that 
curving upwards towards the cavity of the ascus, becomes 
the columella. Crystals of calcium oxalate appear in the 
walls of the spore case. By free cell formation the spores 
are formed, leaving the unchanged protoplasm as interme- 
diate matter. 

(2) Of the zygosperm. For a long time the zygosperm is 
at rest ; at last it develops. Both its coats, the outer and 
the inner, burst, and a single process extrudes. Only one 
hypha is formed, and this is very short and unbranched. 
From this short unbranched hypha rises an aerial one, 
bearing a sporangium. From the ascospores in this, the 
ordinary Mucor is developed. 

As the full history of Mucor may be summed up in the 
following stages, spore, mycelium, conjugation, zygosperm, 
single hypha, atrial hypha, sporangium, spore again ; as, 
therefore, Mucor presents two methods of reproduction, the 
asexual by ascospores, and the sexual by zygosperms ; and as 
the products of these two methods differ, being in the one 
case a mycelium, whose threads conjugate, and in the other 
a hypha, bearing a sporangium— the unfortunate phrase, 
** alternation of generations " is often used in regard to 
Mucor. But the alternation is not between generation and 
generation, if generation means gamogenesis. It is rather 
between generation and gemmation, i,e,, between a true 
sexual reproduction, and an asexual method. If we accept 
the definition of a biological individual, given by Professor 
Huxley as the whole series between one true gamogenetic act 
and the next, " alternation of generation ** does not occur. 
The individual, though it passes through two or more stages, 
is one. 

(m) Classification, — Kingdom, Vegetabilia. Sub-kingdom, 
Cryptogamia. Group, Thallophyta. Class, Fungi. As 
Mucor has spores formed in asci, and its sexual reproduction 
is conjugation, as also its mycelium is at first unicellular, 
it belongs to the order Zygomycetes. Genus, Mucor. Species, 
mucedo. 

Practical Work. — (1) Tease out mycelium of Peni- 
cillium. (2) Treat mycelium with iodine. ^"^ "^VOcl 
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magenta. (4) With potash. (5) Study aerial hyphae. (6) 
Submerged hyphae. (7) Conidia. (8) Conidia germi- 
nating. (9) Mucor mycelium. (10) Stain with iodine. 
(11) With magenta. (12) Treat with potash. (13) Study 
atrial hypha with ascns. (14) Columella after ascus is 
gone. (15) Ascospores. (16) Conjugation. (17) Zygo- 
sperm. (18) Germination of ascospore. (19) Of Zygo- 
sperm. 
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C HAP T E R VIII. 

VIII. — Stone WORTS. 
Chara or Nitella, 

(a) Structure, — (1) Occurrence. The two stone worts are 
found in all parts of the world. They occur in ponds and 
in rivers. One of them, Nitella, only lives in soft waters. 
It will not thrive in water containing many salts in solution. 

(2) Size. These plants grow in an entangled mass, and 
an individual may attain a length of three or four feet. In 
thickness, they are about the same diameter as a large needle. 

(3) General structure. The stoneworts are wholly cellu- 
lar. Every part of them is made up of cells. No fibres or 
vessels as yet appear ; but instead of consisting of a single 
cell, as in Infusoria, or of a simple row of cells placed end 
on, as in Fenicillium, we have here the cells grouped into 
distinct organs. A central axis, giving off side-pieces, is 
now visible. This central axis is the stem. The appendages 
it bears upon its sides are arranged in circles or whorls. 
These whorls are much crowded near the free extremity of 
the plant, and are at greater distances one from the other 
lower down. The level at which the central stem gives 
off a set of lateral appendages is called a node {nodtL8-=\jiot), 
The length of stem between any two successive nodes is an 
internode (tW^r = between). Of the lateral appendag<)s 
there are rhizoids, leaves and branches. The rhizoids 
(pt^a = root) are fine threads immersed in the water 
or the mud, and given off generally from the lower part of 
the stonewort. The leaves often bear small leaflets. The 
branches take origin in the angle between the leaf and the 
stem. As this angle between the leaf and the stem is known 
as the axilla (arm-pit), the branching is said to be axillary. 

Turning to the consideration of the minute structure of 
the plant, we find that each internode is made up of one long 
central cell extending from a node below to «i ii^<^ ^<s^^. 
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TliU is the medullary {medulla ^= pith) or interDOdal ceU. 
Id Nitella this celt is the whole of the internode. But in 
the more common Chara this central elongated cell ia sur- 
rounded by ee^'sral others, wound spirally round it, and called 
cortical cells. These investing cortical cells can be traced 
into direct continuity with the cells of the nodes. In fact, 
they are, as will be seen in the study of development, exten- 
sions of the nodal cells. From the node above tbey can be 
traced downwards, and from the node below they can be 
traced upwards, until they meet about the middle of the 
medullary cell. The line of the junction of the two setfi is 
called the equator. 

The node differs from the in tern ode. It is a flat 
mass of rounded cells, not elongated along any particular 
diameter. The cells are Bpherical, so that the axis consists 
of a series of long internodal cells, each surrounded by 
cortical ceUs (in Charu), and with a flat mass of spherical 
cells interposed between each pair of intemodes. 

The rhizoida are simply rows of cells placed Ic 
They resemble the hyphse of PeniciUium. 

The leaves are of a like construction to the f 
end cell of a leaf is always long and pointed. 

The branches are exactly like the main axis, or stem, in 
their histological structure. 

CoJisidering next the intimate structure of each cell, wo 
tiod a cellulose outer wall investing protoplasm. Within 
the protoplasm is, when the cell is young, a large endoplast 
or nucleus, and one or more vacuoles are generally present. 
Later, the internal contents are watery, and tike cell-sap ; 
but the outer contents are still viscid, forming an interoel 
lining to the cell- wall. This layer of persistent pro- 
toplasm is the primordial utricle, although it is not quite 
homologous with that of Protococous. The endoplast be- 
comes embedded in this primordial utricle, and in this 
same layer the green color-matters are placed. As thia 
is the first time that we have met with thia green color- 
matter in large quantities, I give a description of it now that 
wilt apply to the green color-matter throughout the vegetable 
kingdom. The green color is due to certain oval bodies 
called chlorophyll granules, or chlorophyll corpuscles. Each 
corpuscle consists of a colorless ground substance, through 
which the color-matter, true chlorophyll, is diffused. This 
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colorless ground substance is specialised protoplasm. In 
addition to the green color-matter, starch is generally 
present. Sunlight is necessary for the formation of chloro- 
phyll. The rays of low refrangibility are not the only ones 
that can induce the formation of chlorophyll. Even those 
of high refrangibility play some part in the making of this 
important substance. Alcohol wUl dissolve out the color- 
matter, leaving the ground substance untouched. In the 
stoneworts, the chlorophyll is disposed throughout the 
primordial utricle over all parts of the inner lining of the 
cellulose wall, save one band. This is left uncolored ; so 
that a spiral, colorless line of some breadth can be made out, 
passing round the inner side of the wall, and bounded on 
both sides by a broad plain of coloring matter. 

The terminal or end-bud needs a special account. If it 
is carefully sought for at the very end of a branch, or of the 
main axis, the end-bud will be found to have at its very 
extremity a hemispherical cell with the bulging convex part 
outwards. There is no vacuole in this cell, but an endoplast 
is present. Sometimes two endoplasts are seen, and that 
indicates that the end-cell is about to divide into two. Im- 
mediately beneath this terminal cell, and separated from 
it by a transverse partition (the chord of the hemisphere 
mentioned above) is a second cell, and below that a third, 
which is usually broken up into several smaller cells, by a 
number of longitudinal partitions. This is the most recent 
node, and below it will be found a longer, broader cell, that 
is an internodal one. This is succeeded, as we work from 
the apex of the branch backwards towards the main axis by 
a node, from the sides of which, possibly, little cellular 
eminences project that are to be the leaves, whilst from 
the same node cells are growing downwards over the next 
succeeding internodal cell, to form (in Ghara) the cortical 
layer. 

Finally, in this connexion, the distinctions between Chara 
and Nitella are as follows. Chara has a quantity of crystals 
of calcium carbonate Ca CO^ studding the exterior of its 
cells. Nitella has none. The cortical cells, so often men- 
tioned, are present in Chara, wanting in Nitella. A third 
mark is that in Chara only one branch springs from eafi-b^ 
whorl of leaves, whilst in Nitella two braxi<i\i^s> 1«J8l^ oyv^wx 
from each whorl of leaves. 



(■1) Effect of re-ugeats. Iodine, magenla, potash act 
as upoD the lower plants. Alcohol is of value, as it causes 
the primordial utricle to contract away froni Ibe cellulose 
wall, and so to become very distinctly visible. Alcohol also 
dissolves the eolor-mallar out of the chlorophyll corpuscles 

(i) Digeilion. — (1) The food is mineral matter. Carbon 
dioxide from the air or dissolved in water, water itself, 
ammoDia possibly, salts from the mud in which the rbizoids 
are plunged, these constitute the chief food of Cliara and of 
Nitella. 

{'i) Ingestion, The rhizoids do but little work in the 
inlaking of food. The general surface of the plant con- 
tributes largely to this labor. As the chief food is carbon 
dioxide, and as the stoneworta retain, or fis, the carbon of 
this gas, and evolve the osygen, the process of feeding, or 
of assimilation, as it is often called, is a means of furnishing 
oxygen to the air dissolved in the water in which the plant 
lives, and of removing carbon dioixide thence. 

(c) Absorption is not a process distinct from digestion in 
Ghara, or, indeed, in any plant. 

(d) Circulation. — (1) In the individual cells. If a stone- 
wort is in active condition, and the temperature is not too 
high or too low {30° to !i6° is best), a remarkable movement 
of protoplasm is visible. This movement of the protoplasm 
within the individual cells, is called cyclosis (kukXo^ ^ circle). 
It was discovered by Corti. In young cells the protoplasm 
is quite still ; but after the central part of the cpnieots 
has become watery, and like cell-sap, the inner layer of the 
primordial utricle or persistent protoplasm rotates. The 
outer part of this primordial utricle, next to the cellulose 
wall, and having embedded within it chlorophyll corpuscles, 
and sometimes the endoplast, does not move. The student 
must focus through this, and observe the inner layer of the 
primordial utricle next to the watery central region. 
Hence, when the chlorophyll corpuscles are in good view, 
cyclosis will not be visible. The movement is tolerably 
rapid, and the protoplasm can be seen to pass round and 
round the cell. One current of it will be moving up one 
long side of the celt, whilst another is moving down the 
other long side. The colorless band, where no chlorophyll 
is, shows no movement, and is, indeed, the boundary between 
tie two parts of the current, the one ascending, the other 
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descending. If the endoplast is free within the cell, it is 
carried along by the stream of protoplasm. The cells in 
the end-bud, or one of the manubria, are excellent ones in 
which to study the cyclosis. This phsenomenon is to be seen 
in other plants, as e.g.^ in the leaf of the canal weed, or 
Anacharis, the hairs upon the stamens of the spider-wort or 
Tradescantia, and the stinging hairs of the nettle (Urtica). 

(2) General circulation. In addition to cyclosis, a move- 
ment of fluid from part to part of the plant occurs. Food 
taken in by the rhizoids, or by the upper part, e.g.^ of the 
plant, must be transmitted to other regions, and the watery, 
sap-like nature of the central part of the cell-contents points 
to the same conclusion. An osmotic action is probably 
constantly at work. The upper regions of the plant may 
also be evaporating to some extent, and probably a flow of 
fluid takes place from cell to cell. This may be regarded 
as a rudimentary circulation. 

{e) Respiration, — The remarks made upon Protococcus, 
under this head, might be repeated here. The general sur- 
face is the place at which oxygen is taken in, and carbon 
dioxide given out, in the process of respiration. 

(/)- (0- 

(k) Reproduction. — (1) Agamogenesis. Small masses of 
cells are sometimes detached from Chara or Nitella. They 
come off from the axils of the leaves at the points whence 
the branches usually spring. These masses of cells, at first 
axillary, afterwards detached, fall to the ground, and 
develop into complete plants. They are therefore like 
bulbs, or buds, and may be called gemmae. 

(2) Gamogenesis. For the first time we have clearly 
marked sexes in our study of living things. Both sexes are 
present in the same individual, i.e., the stoneworts are 
hermaphrodite ('Ep/xiys == Mercury, A<t>poSLT7] = Venus) or 
better, are bisexual. A bisexual living thing is one wherein 
the two sexes are conjoined in the same individual. In the 
stoneworts the reproductive organs are met with in con- 
nexion with the nodes. The female is usually axillary ; the 
male is usually sub-axillary, or a little below the whorl of 
leaves and branches. 

(a) The female organ. ? This is the sign of Venus, 
and is often used to denote that the aaiinBl ot ^\ai.Ti\> Ti<djav^^. 
is female. When ready for impregaatioii >iiaB ot%^mv \^ 
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Nitella, is the pro-embryo (pro = before). Presently, a 
cell some little distance from the free end of the hypha 
gives off small buds that develop into leaves, but the leaves 
are not in a regular whorl. Among these leaves a bud 
exactly like one of the terminal buds of the adult plant 
(page 58) appears, and this develops into the new plant. 
The succession, therefore, is as follows : Oosphere, oosperm, 
hypha, first rhizoid, pro - embryo, cell - budding, leaves, 
primal bud, Chara. The development of this primal bud 
proceeds upon the same model as that described on page 
o3, save that, at first, only leaves and rhizoids are formed, 
aud later the whorls of branches appear. The end cell 
always divides across the longitudinal axis. The leaves are 
always formed by the multiplication and outgrowth of 
nodal cells, and they grow from the base, the end cell of 
the leaf soon attaining its full size and never dividing. 
The branches developed from nodal cells in the axils of 
leaves have the ordinary terminal cell, and develop after the 
fashion of the axis. 

(m) Classification. — Kingdom, Yegetabilia. Sub-kingdom, 
Cryptogamia. As they have axis and appendages, these plants 
belong to a group other than any we have yet seen. This 
is the Cormophyta (/cop/ios = stem).^ Possessing large 
male organs, the class is Characese. No division of this 
into orders is made. The two genera are Chara and 
Nitella. Species, C. fragilis, N. flexilis. 

Practical Work. — (I) Naked eye. • (a) Draw parts 
of the plant as a whole, showing axis, rhizoids, leaves, 
branches, reproductive organs (if present). (2) Low power 
of microscope, (a) Rhizoid. (/?) Internode. (y) Trans- 
verse section of node. (8) Leaf, (c) Archegonium. (C) 
Antheridium. (3) High power, (a) Vertical section of 
internode. (y8) Cyclosis. (y) Terminal bud. (8) An- 
theridium teased out. (c) Archegonium teased out. (f) 
Development of oosphere. (rf) Pro- embryo. 

^ I p'ace the stoneworts among the Cormophyta as that position 
seems theirs by right of structure. Prantl and other Botanists place 
them among the Algae (see Protococcus). 
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CHAPTER IX. 

IX. Fresh-Water Polyp. 

(a) Structure, — (1) Occurrence. Upon the stems of fresh- 
water plants. The little rootlets of the duckweed or Lemna 
are a frequent habitat of the Hydra, but it may be found 
upon any vegetable matters in still waters. 

(2) Size. We are now out of the range of microscopic 
beings, for Hydra is visible to the unaided eye. Its normal 
length is from 6'25 m.m. to 12'5 m.m. When its tentacles 
are fully extended, a much greater length than this is 
attained. 

(3) General structure. The fresh -water polyp is a bag- 
like animal of cylindrical or conical form. It is fixed by its 
base to the plant upon which it is placed, and that base is 
the hydrarhiza. It is, in the main, a cellular animal. Al- 
most every part of it is made up of cells, though we shall 
find certain fibres occurring for the first time. But these 
cells are now arranged in layers or tissues. For the walls 
of the bag are not simple. They are double. The internal 
cavity is bounded on all sides, except at the summit, by a 
double wall. The two layers of this wall are called respec- 
tively the ectoderm (outer) and the endoderm (inner). Each 
of these body-layers is made up of cells. Those of the 
ectoderm are of two different sizes. Some are long and 
conical in shape, with the broad end turned outwards. 
Some are smaller and rounded in shape. These latter lie 
between their larger fellows. The cells of the ectoderm, 
whether large or small, are not very well marked off or 
distinct one from the other On the other hand, the cells 
of the endoderm are well-marked and are all of one size. 
They often contain chlorophyll, and that color-matter is 
never seen in the ectoderm. As each individual cell of the 
ectoderm and of the endoderm is nucleated vixA ^o\i\x«wQ.*C\^^ 
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> call the H}'dra a collection of Am<Bbffl is no exag- 
geration. 

(4) Effect of reagents. Iodine, magenta, potash act uputi 
.he iodivi'lual am<Eboid cells as they act upoa cells gene- 
rally. The two former fitain the protoplasmic contents, and 
do not affect the exterior. The latter dissolves out the 
protoplasm, hut does not affect the wall. Magenta espe- 
cially has the effect of catislng the thread-cells (v. i.) to 
discharge their content:'. 

(i) Digestion (1) The food. Organic, consisting for the 
noBt part of small Crustacea, such as Daphne, the waier- 

(2) The food is taken in at the moiith, an opening at iLe 
•ase of and between the long feelers or tentacles that are 
aitacheii to the free end of the body. This central mouih, 
at the distal end of the body, leads into a single cavity. 
' ' ' at once the body cavity and the digestive 

cavity. As we shall often have occasion to use these two 
phrases, and as they are very important ones, I pause foi" a 
t upon them here. If the body of one of the higher 
animals is opened, a cavity is found containing many organs, 
snch as heart, liver, kidneys. This cavity is the general 
cavity of the body, or somatic cavity (o-u/ia — body), or peri- 
iseeral (irtpi ^ around, weeia^ internal organs). It is 
traversed in the higher animals by a tube, more or less con- 
voluteii, that runs from one end of the body to the other, 
and is closed save at its two extremities. This is the diges- 
tive tube or gastric cavity (ynoTvjp ^: stomach). Now, in ihe 
higher animals these two cavities are distinct, and the one, 
the digestive, runs through the other, the body-cavity. But 
in Hydra the two cavities are blended together. The single 
cavity within the two body-layers, the one cavity into which 
the mouth opens, is at the same time body-cavity and diges- 
tive cavity. Here, once agaio, the law of Von Bilr is pre- 
sented to us. The food then passes into this bag lined with 
endoderm, and there undergoes digestion. Whether the cells 
of ibe endoderm secrete any digestive fluid cannot be said, 
but assuredly the food changes greatly after its reception 
within the body. The indigestible i-esidues mnst be extruded 
at the mouth. So that this opening serves at once as mouth 

—Here the functions of digestion and 
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absorption are to some extent separated. The absorption 
of digested food must be accomplished by means of the 
endoderm. The ectoderm is never in contact with the food. 
Therefore, a definite layer has here a definite function ; 
that of ti^ng up the digested food and then transmitting 
it to the outer layer of the body- wall. 

(d) Circulation. — ^True circulation can only occur when a 
fluid exists that can be called sap or blood. Blood in the 
animal must have two qualifications. One is an anatomical, 
the other a physiological one. As to its anatomy, or 
structure, blood must be corpusculated. As to its physi- 
ology, it must be nutritive. The name " blood " should only 
be applied to a fluid that contains corpuscles or definite 
solid bodies, that is nutritive and serves to restore wasted 
tissue. Now, though in the Hydra no heart and no blood- 
vessels exist, yet the fluid within the cavity that is at once 
body and gastric is corpusculated. Under the microscope, 
the fluid in Hydra presents small, solid bodies, not al- 
together unlike the white blood corpuscles of higher 
animals. This fluid, then, we are permitted to regard 
as a rudimentary blood. It is called chylaqueous fluid, 
because it has some of the properties of chyle, or the 
product of digestion in higher animals, and because it is 
so largely watery. And the student, bearing in mind the 
law of Von Bar, will notice that this blood-fluid is at 
first in no definite vessels but is loose in the body-cavity, 
that is also the digestive cavity, so that this single sac 
within the two layers of the body-wall may be said to 
be not only somatic and gastric, but circulatory also. From 
this first appearance of blood in the animal kingdom, from 
this condition where the blood is floating freely in the one 
cavity, we may trace upwards every gradation of structure, 
until we find it confined within tubes that are almost, but 
never wholly, shut off from the body-cavity. 

(e) Respiration, — There are no special organs. But the 
ectoderm is probably the respiratory layer. By it carbon 
dioxide is given out and oxygen is taken in. 

(jg) Nervous System, — For the first time something definite 
can be said under this head. From the inner end of the 
conical cells of the ectoderm fibres are given off. They 
run up and down between the ectoderm and «ndo^«t\SL^ ^\A 
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are known as Kleinenb erg's fibre?. First, let the reader 
notice tliat we have eomething more than mere cells ; 
have fibres, i.e., extensions in a longitudinal 
Second, let him see that we ha%'e at least the rudimonts of i 
third layer of the body-wall interposed between the eetoderc 
and endoderm. For these Kleinenberg's fibres, although 
connected with the former, lie between the two layers, and 
constitute the rudiment of that important intermediate layer 
that we have fully developed in the higher animals, aud 
that is called the mesoderm (/mros = middle). Third, let him 
notice that these fibres, from their position and structure, 
are likely to act as communicators belweeo diEfereut regions 
of the body. When he reflects upon the ease with which a 
stimulus i^ects the Hydra, he may be inclined to believe 
that here we have the first and simplest form of nerve 
structure, 

(A) Sense Organs. — Here also, if we neglect the few 
words said under this head as to Infusoria, we have for the 
first time something definite to say. 

(1) Kleinenberg's fibres are in their ultimate structure 
very lite the curious bodies always encountered in the 
sense organs of higher animals, such as the olfactory cells, 
and the fibres of Corti in the ear. Though we cannot 
Bay positively thai the fibres of Kleinenberg are sense 
organs, attention ought to be called to the resemblance 
between them and the essential elements of the sense 
organs in other animals. 

(2) The tentacles. These seem to be tactile. They are 
extensions of the body wall, containing both ectoderm and 
endoderm, and the rudimentary mesoderm in the shape of 
Kleinenberg's fibres. They are hollow, and are richly 
supplied with the structures nest to be mentioned. When 
they are fully extended, they have a curve downwards, 
BO that the free ends often pass far beyond the hydra- 
rhizB. Very slight stimuli will cause them to shorten. 
They are very sensitive. 

(3) Thread-cells. These structures, technically known 
as nemafocysts (nj/ia :^ thread, kiictto^ := cell), are very 
abundant in Hydra. They are met with all over the body, 
but especially upon the tentacles. Here they occur in little 
groups, or nematophores (tjiepm = I carry). Each of the 
tbread-celle is an oval cell of the ectoderm, containing a 
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thread and a fluid that seems to be poisonous. Three chief 
forms present themselves, (a) With a long thread coiled 
many times spirally within the cell, and with three short 
sharp processes at the base. (P) The same, without the 
three radiating processes, (y) As the last, but the thread 
is short. The application of magenta brings these threads 
out in great numbers. 

(i) Motor Organs, — Sometimes the polyps float passively 
in water, when they have loosened their hydrarhizic hold. 
More frequently they move from one place to another by 
bending the body over and fixing the free ends of the 
tentacles whilst they detach the hydrarhiza. In turn the 
latter is brought over and into contact with the piece of 
plant upon which the animal is moving ; the tentacles are 
freed, and the Hydra comes right-end upwards again, after a 
temporary standing on its head. These slow and stately 
somersaults may be effected, as the contractions of the animal 
appear to be, by the fibres of £[leinenberg. Certainly these 
fibres would seem to be muscular as well as nervous. Nor is 
it matter for surprise that one and the same structure should 
combine the two functions of nervous and of muscular tissue. 
For, in the first place, the two functions are very closely 
allied ; and, in the second place, we are prepared by the great 
generalisation of Yon BUr to find the same tissue perform- 
ing in the lower animals functions that in the higher are 
restricted to particular tissues. It must be remembered 
that the endoderm cells, none of which is connected with the 
Kleinenberg fibres, are often provided wittii a single cilium, 
and even when they are not thus armed they show amoeboid 
movements. 

(k) Reproduction. — (1) Agamogenesis. (a) Gemmation 
is very frequent. From any part of a Hydra a protrusion 
is formed. It is hollow, including both ectoderm and endo- ' 
derm, and the cavity of it is in continuity with the somatic 
and digestive cavity of the parent. This protrusion 
elongating, its free end presently thins away, and we have a 
small Hydra with its mouth open into the circumambient 
water, but its central cavity in connexion with that of its 
parent. Later, by a constriction occurring at the base of 
this bud, the young one is thrown off. This is discontinuous 
gemmation. By this process many Hydrse may be budded 
off from one original form, and sometimes the secondary 
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being has begun to bitd off a tertiary one ere it quits the 
primai-y Hydra. 

(yfl) The experiments of Trenibley demonstrated thbtt arti- 
ficial fission or division of Hydra was possible. He split a 
Hydra into two by a vertical cut, and each half reformed 
ils fellow. The like treatment in a transverse direction re- 
pultKtl in the upper half reforming the lower, and the lower 
half developing a mouth and tentacles. Even a small piece 
of tUe Hydra snipped ofF reconstructed the rest of the animal. 
This fission appears to occur at times naturally, without 
requiring the aid of an enthusiastic naturalist. 

(2) Gamogenesis. In the summer time true sesual organs 
are formed. The Hydra, as might be expected from an 
animal bo low in the scale, is bisexual. ( ? ) The female organ 
appearing near the hydrarhiza is a large colorless body in 
Hydra viridis. There are as many as eight such colorless 
bodies in some species. The one or the eight ovaries (ovum 
= ^SS)' "'" egg-cases, is or are of ectoderm cells, principally 
of the smaller form. Within each is formed one egg. This 
consists, as do all the eggs of animals higher than Hydra, 
even up to man, of a central spot, distinct, round, called 
the germinal spot ; a clear, largo, round cell investing this, 
and called the germinal vesicle ; a mass of granular proto- 
plasm aroiud this, called the vitellus or yolk. 

(r^) This is a colorless body appearing just beneath the 
lentacles. Tt is made of small ectoderm cells of the ordinary 
type, of smaller calls without an endoplaat and hyaline in 
aspect, and of cells like the last with a long filament attached 
to them. Within the cells, or free from them, are sperma- 
tozoa, the impregnating structures. They are oval buds, with 
one long cilitim attached. By the coming of these motile 
spermatozoa in contact with the ovum of the ovary im- 
pregnation is effected. 

{I) DtvelopmaU. — After impregnation the yolk divides 
into two. Then each of these divides again. Hence result 
four, and later eight and sixteen yolk segments. This pro- 
cess of binary sub-division continues until within the egg is 
a mass of many yolk segments. Eacli such segment is an 
embryo cell, and the whole is called the morula stage (iiwrun 
:= mulberry), because of the resemblance to a mulberry. 
The investing case of this mulberry mass is thickened and 
spiny. Now the egg is set free from the parent, and ac- 
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quiring cilia upon its exterior, swims about freely while the 
inner yolk segments liquefy. At the same time the outer 
segments condense into two membranes, the outer or ecto- 
derm, the inner or endoderm. So that our animal now is 
a closed sac with two layers surrounding a liquid yolk. 
This is the planula stage. Later on the animal fixes itself 
by one end that becomes the hydrarhiza. The cilia vanish, 
the unfixed end thins away and forms a mouth. This is the 
gastrula stage. The edges of this mouth grow up into 
tentacles, and from the cells of the ectoderm the fibres of 
Kleinenberg are formed. This is the actinula stage. 

(w) Classification. — Kingdom Animalia. As the Hydra 
has not a body-cavity and a digestive cavity clearly marked 
off one from the other, it is of the sub-kingdom Coelenterata. 
As its body and digestive cavities are actually one and the 
same, it is of the class Hydrozoa. As it is a simple animal, 
of the order Hydridae. Genus, Hydra. Species, viridis 
(green) or fusca (brown). 

Practical Work. — (I) Draw without magnifying. 
(2) Draw under low power. (3) Search for mouth. 

(4) Stain with magenta, and observe the thread-cells. 

(5) Tease into small pieces, and observe cells of different 
layers and the fibres of Kleinenberg. (6) Make transverse 
and longitudinal sections of Hydra hardened in chromic 
acid. 



CHAPTER X. 

X. Sea-Anemonf. or Actinia. 

(a) Structure. — (1) Occurrence. SeH-AaemoDes are 
mariae animals very widely distributed over the earth. 
They are familiar to ua upon the rocks between high and 
low water mark. 

(2) Size. Their size is very various. Every gradation 
is met with between quite small animals, uot more than a 
centimetre in diameter, and the gigantic ones that are as 
much 88 a decimetre in diameter. 

(3) General structure. The Sea-Anemones are bag-like 
boingE, fixed by a base, and with many tentacles protruding 
at the free end. But thoy are not simple, undivided bags, 
as are Hydrte. Each is rather a bag slung up within ano- 
ther. A vertical section through an Actinia reveals to us 
that the animal consists of an outer sac, the cavity of which 
is the somatic cavity, and of an inner smaller sac, conjoined 
with the other at the mouth end, but not conjoined with it 
below. The cavity of this inner, smaller sac is the gastric 
cavity. But the large investing somatic cavity is not simple. 
Vertical partitions run from the outer wall across it to the 
gastric wall, and thus divide the general cavity of the body 
into a number of rooms or loculi- These partitions are 
mainly of ectoderm, and are known as mesenteries (jifaoi^ 
middle, (iTepoi' = intestine), and the rooms they separate are 
sometimes called mesenteric chambers. These loculi, or 
mesenteric chambers, have often openings in their outer 
walla that place their cavities in direct communication with 
the eaterior. Two of the separatiog, mesenteries at oppo- 
site ends of a particular diameter of the Sea-Anemone, are 
often different in appearance from the rest. If the reader 
will picture lo himself a large external hag with a smaller 
one Bu.^peoded within It, and vertical folds running from 
the inner side of the former to the outer side of the latter, 
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he will see that the lower part of each vertical fold, or me- 
sentery, will be free at its inner edge. For the gastric 
cavity does not reach so far down as the somatic cavity, and 
there is a space between the lower end of the former and the 
base of the latter. The free edge of the lower part of each 
mesentery is generally considerably thickened. The thick- 
ened part is the craspedum (crassits = thick, pes = foot). 

The somatic cavity, of which mention has been so fre- 
quently made, is an instance of an enterocoele (/coiA.09 = 
hollow), !.«., a body-cavity not wholly disconnected from 
the digestive one. But although here, as in Hydra, the 
two communicate, and therefore in each case the name 
^* enterocoele " should be employed, in the Sea- Anemone we 
have an advance upon Hydra, for in the latter the two 
cavities that are here partially differentiated one from the 
other were reduced to one cavity. 

The walls of the body are of ectoderm and endoderm, and 
there is a well-marked middle layer or mesoderm. But the 
constituents of these layers are cells, except in the case of 
the mesoderm, where distinct elongated fibres occur. 

(b) Digestion, — (1) The food. Organic material float- 
ing, alive or dead, in the surrounding water. 

(2) The organs. The food is usually caught by the many 
tentacles that encircle the mouth. The mouth is not a 
circular opening. It is elongated in one direction (the oral 
axis). In direct continuity with the ends of this long 
diameter are two folds that run down into the gastric 
cavity as vertical ridges upon its inner wall. The food 
passes through the mouth into this suspended cavity, and 
thence into the central part of the somatic chamber below. 
This central, undivided part may be regarded as a com- 
mencing intestinal canal. Some process of digestion takes 
place, and the digested food can pass easily from the central 
undivided space into any one of the loculi, all of which open 
into this space. 

(c) Absorption, — The endodermal lining of the loculi 
must serve as a general absorbing membrane. 

(d) Circulation, — ^As in Hydra, the body is filled more 
or less completely with a chylaqueous fluid, i.e., a fluid 
that is largely watery, but that contains also corpuscles like 
the white blood corpuscles of higher animals. The move- 
ments of the animal, as it sways to axi^ ito w^^w. \v^ 
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lised bade, may cause a Sax and reflux of this fluid that 
would be a very general sort of circulation. 
(e) Se/jjiration. — As in Hydra. 

w- 

{g) JTen-OMS S^yslfnL — In the base are some fine nerve 
cells and fine nerve fibres. The nerve cells are fueiform 
or spindle-shaped, and with the general appearance of 
celk of this tissue that is described in the account of the 
frog. These cells are joined by nerve fibres, and thus 
a I'udimeatary plesus is formed in the foot of the Sea- 
Auemone, A similar plexus is said to be present near the 
eyes that are described in the next paragraph but one, 

(A) Sense Organs. — (1) Touch, The many hollow len- 
lacles seem to be taclile. They are hollow inasmuch as 
they are the roofs of the in term es enteric rooms pushed 
upwards. That they are very sensitive organs all visitors 
to ihe sea-side will bear witness. 

(2) .Sight. Just outside the circle of tentacles in many 
Actinise are seen brightly - colored, bead-like bodies. 
These, at first named chromatophores {;(pii>/io; = color, i^epui 
— I carry), are now regarded as rudimentary eyes. Each 
of them is a little process of the body-wall with four layers 
visible, (u) The outermost one is of many baciUi or 
minute rods closely set together. (/3) Next to the bacillar 
layer is a layer of rounded bodies that refract light 
strongly. (7) Then follows a layer of cones that ^o 
refract light very powerfully, (fi) Most internally is a 
nervous layer of cells and fibres, 

(3) Under this head I must mention the thread-cells or 
nematocystfl. They are numerous in Actinia as in Hydia, 
and their structure is the same in the two animals. 

(i) Motor Organs. — The mesoderm is principally made up 
of muscular fibres, and by their contraction the swaying 
movements of the atiimal upon its fixed base are performed. 

(tj Reproduction. — (1) Agamogenesis, Gemmation is 
the only method of asexual reproduction certainty known. 
From any part of the body of the Sea-Anemone buds may 
be given off. They are formed in the same way as are 
those of Hydra, and the gemmation is discontinuous, i.e., 
in the Sea-Anemone the buds are thrown off from the 
parent and live independent lives. In many of the allies of 
Actiniic the gemmation is continuous and compound 
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animals result. If in the walls of these colonies hard 
material is deposited as calcium carbonate, corals are 
formed. 

(2) G-amogenesis. The Sea-Anemone is bisexual, and 
even in the same mesentery male and female organs maj 
be found. For the reproductive organs are located in the 
mesenteries. It will be remembered that the lower part of 
each mesentery is free internally, because the gastric cavity 
is not so long as the somatic. Each mesentery is double, 
and at this lower free part the two folds are separated, and 
between the two layers of the mesentery are placed the 
sexual organs, spermatozoa or impregnating agents, ova or 
eggs to be impregnated. The method of impregnation is 
by diffusion of the spermatozoa into the water, and a kind 
of haphazard fertilisation must take place. 

(I) Development — ^The egg, as in Hydra, consists of a 
central dot, the germinal spot, a clear space around this, the 
germinal vesicle, a mass of vitellus or yolk, the whole in- 
vested by a distinct membrane, the vitelline, or yolk mem- 
brane. After impregnation, binary division of the yolk 
takes place until the yolk is segmented and the morula stage 
is reached. The central embryo cells liquefy, the peripheral 
ones form a double membrane of colored hypoblast (the 
future endoderm) and colorless epiblast (the future ecto- 
derm). This is' the planula stage. The colorless epiblast is 
ciliated. Next a mouth is formed, appearing first as an 
oval depression. Apparently this mouth and the gastric 
cavity into which it leads are formed by invagination, i.e,^ 
by an infolding at one point of the body so that the lining 
of the gastric cavity is ectoderm, and is in continuity with 
the external lining of the body. The cilia form a curious 
little tuft at the fixed or aboral (ab = from, os = mouth) 
end of the body, and after a while disappear altogether. 
Next the hypoblast excavates, and, splitting into two layers, 
leaves an intermediate cavity, the body-cavity, or entero- 
coele, which, by the thinning away of the layers intervening 
between it and the gastric cavity, is brought into connexion 
with the latter. Then the oral opening alters its shape and 
elongates in one direction, the oral axis. The mesenteries 
develop next. Each is a double fold of the lining of the entero- 
coDle, or body-cavity, probably mainly made up of mesoderm. 
The order of their development is so pec\x\w,«iSi^>^\a^^l vcn. 






which fay them the body-cavity is divided into locwH is so 
remarkable, that I quote the full and clear deecriptioD given 
by Professor Huxley upon pages 157, 158 of his " Anatomy 
of Invertebrate Animals " (1877) ; " The first which make 
their appearance are directed nearly at right angles to the 
oral axis near, but not exactly in, the centre of its length. 
Hence they divide the enteroccele into two primitive chambers, 
a smaller f A) at ODe end of the oral axis, and the larger 
(A) at the other. This condition may be represented by 
A -i- A', the dots indicating the position of the primitive 
mesenteries, and the hyphen that of the oral axis. It ia 
intereelmg to remark thiit, in this slate, the embryo is a 
bilaterally symmetrical cylindrical body, with a central canal, 
the future gastric sac; and, commuuicating therewith, a 
bilobed enterocoele, which separates the central canal from 
the body-wall. In fact, in principle, it resembles the early 
condition of the embryo of a Clenophoro, a Brachiopod, or 
a Sagitta. 

" Another pair of mesenteric processes now makes its 
appearance in the larger chamber A', and cuts off two 
lateral chambers, B B, which lie between the secondary 
nie.'enteries and the primary ones. In this state ibe entero- 
coele or somatic cavity is four-chambered (A -^ j. A' J. Nest 
a third pair of mesenteries appear in the smaller chamber 
(A), and divide it inio three portions, one at the end of 
the oral axifi (A), and two lateral (CC), In this stage 
there are, therefore, six chambers (A „-^ „ A' h but almost 
immediately the number is increased to eight, by the develop- 
ment of a fourth pair of mesenteries in the chambers B B, 
which thus give rise to the chambers D D, between the 
primitive mesenteries and them&elves. The embryo remains 
in the eight- chambered condition f A,, -^ „ ,, A' 1 for 

some time, until all the chambers and their dividing mesen- 
teries become equal. Then a fifth and a sixth pair of 
mesenteries are formed in the chambers C C and D D ; two 
pairs of new chambers, £ and F, arc produced, and thus the 

Actinia acquires twelve chamber,^ (App-^ pr\R'^'/' ^^^ 
of which result from the sub-division of the smaller primary 
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chamber. The various chambers now acquire equal dimen- 
sions, and the tentacles begin to bud out from each. The 
appearance of the tentacles, however, is not simultaneous. 
That which proceeds from the chamber A' is earliest to 
appear, and for some time is largest, and, at first, eight of 
the tentacles are larger than the other four. 

" The coiled marginal ends of the mesenteries appear at 
first upon the edges of the two primary mesenteries, then 
upon the edge of the fourth pair, and afterwards upon those 
of the other pairs." 

(mj Classification, — Kingdom, Animalia. Sub-kingdom, 
Coelenterata. As we have a double sac, one part of which, 
the outer or somatic part, includes the other, the inner 
or gastric, though the two open one into the other, the class 
is Actinozoa (Actinia-animals). As the allies of this animal 
produce coral, the order to which it belongs is the Coral- 
ligena (coral-producers). G-enus, Actinia. Species, hol- 
satica is a common one. 

Practical Work. — (1) Draw the animal whilst alive. 

(2) Try the effects of mechanical, thermal, chemical stimuli, 
with especial reference to the movements of the tentacles. 

(3) Kill and harden in chromic acid. (4) Make a longitudinal, 
vertical section through the middle and draw the parts. (5) 
Make a transverse section across the Actinia and draw. (6) 
Get out a mesentery and observe the thickened edge. (7) 
Tease out part of body- wall and make out cells of ectoderm, 
fibres of mesoderm, cells of endoderm. (8) Transverse 
section of tentacle. (9) Thread-cells. (10) Search between 
folds of lower free part of a mesentery for ova or 
spermatozoa. 
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XI. The Fe 



e coming now to large and 
method of study under the 
ill vary somewhat from that 



(a) Siriiclure. — As we 
familiar organisations, thi 
first division of our plan 
hitherto adopted. 

(1) Occurrence. Ferns are very widely distributed in 
the tropical and temperate regions. Any ordinary English 
fern will serve the student's purpose for study. The Bracken, 
the Hart's-tongue or the Maiden's-hair are preferable to any 
of the large tropical tree-ferns. 

(2) General structure. A fern presents three chief 
organs : the rhizoids or rootlets, the rhizome or stem, and 
the fronds or leaves. 

(a) The rhizoids, This term is used whenever a 
root- structure is not developed directly from a radicle 
or embryo-root. Ail the root -structures of Chara and 
of the Fern are of this kind. From the underside of 
the stem, and often from the lower part of the leaves, these 
structures are given off into the ground. They are thin 
dark threads. A transverse section of one examined under 
the microscope presenla a distinction of tissues not yet 
encountered in our studies. On the outside is a marked 
layer koowo as the epidermis. The mass of the rbi/oid 
enclosed within the epidermis is of cells, and is the funda- 
mental or cellular tissue or parenchyma. Running through 
the centre of this fundamental tissue, and, therefore, seen 
in transverse section as a dot, is a single thread or bundle 
of harder, darker tissue. This is made up of fibres and 
vessels. In short, within this little rhizoid we meet for the 
first time with the three great tissues of vegetables. Until 
now we have had scarcely anything but cells to study. 
Here appear fibres and vessels. A fibre is an elongated 
cell with its wall thickened, i.e.. the cellulose wall is mi 
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longer the sole strength and stay of the cell. It has 
deposited upon its inner surface harder layers of tissue 
of material other than cellulose. That material is lignia 
{lignum = wood). And lignin is much more rich in carbon 
than is cellulose. The secondary deposits serve to give 
strength to the wall of the elongated cell. They are not 
generally, however, continuous. They are wanting at 
certain parts of the wall, and hence, though strength is 
acquired, fluids may yet pass from fibre to fibre by osmosis 
through the unthickened portions. A vessel is a longer 
tube, resulting from the obliteration of the partitions inter- 
vening between a number of cells placed one above 
another. Suppose many cells placed in a longitudinal 
series. Suppose the septa between each pair to disappear. 
A tube results, formed out of many cells, and such a tube 
is a vessel. If, however, the cells remain perfectly unmodi- 
fied the tissues that are formed are cellular or fundamental, 
whilst the epidermal or outside tissue is of cells that are 
flattened and rectangular, but are not fibres, and have not 
conjoined to form vessels. Summing up the tissues not 
only of the Fern but of higher plants, we have the cells as 
basis, with cellulose wall, protoplasmic contents : a tissue 
formed of such cells, little or not at all changed, is funda- 
mental. If the outer cells become flat and rectangular the 
tissue they form is the epidermis. If the cells elongate 
and have thickened walls they are fibres, and the tissues 
mad6 of fibres are fibrous. If the cells fuse one with 
another, and a long tube is formed, that is a vessel, and 
the tissues formed of vessels are vascular. As the two last, 
fibres and vessels, are generally associated, the student will 
often hear and read of fibro-vascular tissues. The growth 
of the rhizoid is not throughout its length. It grows by 
cell division just within the apex. The actual apex is hard, 
protective, and is the root-cap. 

{P) The rhizome or stem of most English Ferns is 
underground. It has been named rhizome from pit,a = 
root. A rhizome is a usually horizontal subterranean 
stem. In the Fern it is brown of hue, and traced from 
its oldest to its youngest part presents the remains of old 
leaves of former years attached to the parts known as 
nodes. Between the nodes are internodes, and presently 
the student finds a node that bears the Leov^^ ol >iJcL^ «^^\.\\s>S. 
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year of ezamiDation. At the extreme end, where the 
rhizome is at its jonngest, the rouoded, hair-ooverod apex 
ia found. 

To study the tissues of the rhizome, a transverse section, 
and then a vertical one, should be made. TIio following 
parts are to bo seen from without inwards in the former 
section, (i.) The brown epidermis, (ii.) The brownish sub- 
epidermis, forming a zone within the epidermis. The cells 
here are rather long, rather thick, and without starch, (iii-) 
Fundamental tissue forming the mass of the stem. The 
cells here are polygonal and rich in starch, (iv.) Usually 
two very dark-brown patches, the transverse sections of two 
longitudinal and waved plates that run the length of the 
rhizome. These often lie about midway between the cir- 
cumference and the centre of the stem. They are of true 
fibres. In the sub-epidermal zone we saw a gradation of 
the ordinary cell towards these. In these dark-brown 
patches we have true fibres, and tissue wholly made of those 
is called scleronchyraa (o-KAijpos^hard). The fibres are not 
thickened over the whole extent of the wall. The second- 
ary deposit is wanting at certain places. Besides these 
two main bundles of fibres or of solerenohyma, several 
small ones are often placed between these and the cir- 
cumference, (v.) Two lighter colored yellowish- brown, 
bundles within the two chief sclerenchymalous ones, and 
also a few of the same kind between the latter and the 
circumference again. These yellowish bundles are vascular. 
One of them carefully analysed in longitudinal section 
shows the following parts. Upon the exterior we have a 
number of sheath-cells without starch and forming an in- 
vesting layer, Next to this sheath a single layer of ordi- 
nary cells smaller than the former and containing starch. 
Next in succession come several rows of bast or liber cells, 
email, rectangular, thick -walled, seven or eight times as long 
as they are broad. Then one or more rows of larger cells 
with very slightly thickened walls. Lastly, we have the 
vessels. These long tubes have been formed by the conjoin- 
ing of several cells, each of which had been stron^lhened 
by secondary deposits. Hence the vessels have walls with 
secondary deposits on them, As these deposits are laid 
down in the form of simple transverse bars, the appearance 
presented ia that of a vessel with a number of horizontal 



thickenings runniog across its wall. Such vessels are called 
scalariform {ncala^a, ladder). A few vessels in the vascular 
bundle of a fern Lave the thickening contiounus as a spiral, 
and not broken up into many horizontal pieces. These are 
called spiral vessels. These vascular bundles can and often 
do join with each other. 

(y) The leaf, or frond. Rising from the rhizome are the 
fronds, or leaves ; they present a leaf -stalk or petiole [pes ^ 
fool) or rachis (i'tic/iM = spine), and a lamina (plate), or 
blade. The surface of (ho petiole is covered by broad, brown 
scales, called ramenta or palcte. These are only exten- 
sions of the epidermis. To any extension of the epidermis 
the name of trichome is given (6/itf , t/iixos = hair). These 
ramenta are therefore trichomes. A transverse section of 
the petiole, which is brown when underground, green when 
above, reveals an epidermis upon the exterior, of elongated, 
rectangular cells, that are sometimes a little irregularly 
thickened ; fundamental tissue making up the chief part of 
the petiole, its cells polygonal and containing chlorophyll ; 
regular pale bands, that are the sections of vascular bnndles, 
mnnitig up from the rhizome to the blade of the leaf, £ach 
of these bundles has a sheath of fibres (prosenchyma), and 
contains spiral and scalariform vessels. Here, then, is an 
instance of a true fibro-vascular bundle. The lamina, or 
leaf-blade, is sometimes simple, as in Hart's tongue. More 
frequently it is divided into pinnie, or leaflets, that are gene- 
rally, in their turn, sub-divided into pinnules. The histology 
of the blade presents an epidermis, a cellular part, fibro- 
vascular bundles. liut the epidermis of the lamina demands 
a special notice. Upon the upper side it is of flattened cells 
with a somewhat irregular outline. Upon the lower side the 
outline of the epidermal cells is sinuous or waved, and the 
contiguous cells seem to lock into each other. From this 
lower epidermis depend many trichomes in the shape of 
hairs, and the microscope reveals the fact that there are 
openings in this under-covering of the leaf. These openings 
lead into the spaces between the cells of the leaf, and put 
these intercellular spaces into communication with the outer 
air. Each opening is called a stoma ((ttiu/iu ;= mouth ). 
Each stoma is bounded by two special cells that differ in 
_ shape from the other cells of the epidermis. They are kld- 
»y-shaped or reniform, and, by the incutvino ol Oaavc v[His,t 
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edges, leave a space between ihem tlmt is a stoma. The two 
guard cells, or Stomatnl celL^, differ from others of the epi- 
dermis, ID that they contain chlorophyll. All other cella of 
the epidermis are entirely colorless. No chlorophyll is fonad 
in ihcm. The fibro- vascular bundles make the veins and 
veinlets of the leaf. The fundamental tissue form all the 
part between the veins, and is called the mesophyll (/icfro; = 
middle, r^uAAoi'^^leaf). It is not quite uniform throughout; 
for the cells of the lower half of the mesophyll are more 
stellate or irregular in shape than are those of the upper, and 
hence leave more space between them. 

(b) Dig€Slwn.—T\xf. food of Ferns is that of plants 
generally. It is inorgHoic or mineral. From the air its 
general surface takeB in gases ; from the soil its rhizoids 
take in water and falts in solution. Carbon dioside, 
water, ammonia are the chief food-aluffs, and these, it 
must again be noticed, contain the four chemical elements, 
carbon, hydrogen, oxygen, nitrogen, that go to make up 
plants. 

(cj Absorption. — Not distinct from the last function, 
(d) Circulation. — In plants we have a fluid, the cel!-eap, 
that in some senses may be said to represent the blood of 
animals. This cell-sap is formed within the protoplasm of 
the cells. That protoplasm becomes vacuolated, i.e., certain 
watery regions appear in the protoplasm, and as these 
increase in size and in number they run together and 
form a little mass of watery fluid. This water may hold 
in sui^pension or in solution all sorts and conditions of things, 
and the watery fluid with its contained substances is the 
cell-sap. That this ia nutritive may he, I think, admitted. 
That there is a movement of this fluid is probable. Tliat 
there is a mDvement of water in the plant is certain. But 
the student must not think of that movement as a determi- 
nate and con>^tant one, like that of the blood of animals. 
There is no flow up and flow down in regular succession. 
Such movement as does take place is through the cells and 
fibres, not through the vessels of the Fern. Its causes are — 

(1) Koot- pressure. If fluid is constantly taken in by the 
roots, that fluid which is already in the plant is likely to 
be forced up towards the upper parts. 

(2) Osmosis. As the upper parts of Ferns generally are 
constantly giving off moisture by evaporation, any gii 
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cell or fibre in the plant is likely to have a fluid within it, 
rather more dense than the fluid in the cell or fibre 
immediately below it. Hence greater flow from the lower 
cell or fibre to the upper one, and a slow movement of 
the water upwards. 

(3) Determination towards growing parts. Wherever 
water is wanted, as in the processes of growth, thither will 
the water move. And this is probably true of other con- 
stituents of the sap of plants. So that while it is not quite 
possible to speak of a definite flow of the whole mass of 
sap, its constituent parts may be said to undergo con- 
siderable movement. Those that are wanted at a particular 
part of the plant are slowly transferred thither. Those that 
are being formed at particular places are slowly transferred 
thence. The movements of the sap arc rather intrinsic 
than en masse. 

(e) Respiration, — The general facts of respiration, already 
often mentioned, obtain in the Fern as in other living 
things. Every living cell of the Fern, as it lives, gives out 
carbon dioxide and takes up oxygen. These gases going 
from or to the cell must pass through the cell-walls by 
the prcK^ess known as diffusion, i,e.j they become dissolved 
in the water that saturates the walls of the cells, and through 
that are conveyed from place to place. Besides this move- 
ment of diffusion, there is a much more general movement 
of gases in the vessels. These long tubes appear to be 
great gas-carriers. The intercellular spaces also play their 
part in the distribution of gases. The actual elimination 
of oxygen and. in- taking of the carbon dioxide, occurs at 
the suiface of the plant as a whole. The general surface is 
still in a sense the respiratory organ. By it not only carbon 
dioxide, but a considerable quantity of steam is eliminated, 
part of which, at all events, is the product of oxidation of the 
tissues, the hydrogen of these tissues uniting with the oxygen 
taken in during respiration and forming steam. But it 
must not be forgotten that besides the mere getting rid of 
the gaseous products of decay (an essentially respiratory 
process), the Fern and all higher plants give off a 
great deal of water by the process of transpiration or by 
simple direct evaporation. It is impossible to think that 
all the water thus given off is the product of the decay 
of the tissues. The amount of this traniipiration i& \»x^^i 
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determined by the size of the stoniatal opeoiDgs at the 
time. iBut the amODnt of reepiratorj steam evolved will 
have no relatioa to the coaditioa of these openiags. It is 
given off b^ the general snrface as a whole. 

(/) - M — W - V) — 

(k) Reproduction. — -(1) Agamogenesis, Fema at times are 
reproduced asesnally by buds or geminfe that are thrown off 
from their fronds. 

(2) Gamogenesis. The process of sexual reproduction in 
this class of plants is complex. Upon the back of the 
fronds, either close to the margin of the leaf or else quite 
upoQ the back, and in relation generally to one of the veins, 
are found brown patches. Each patch is a soras. It is 
often covered by a tran -parent fold of epidermis, the 
indnsium. A soma under a low magnifying power resolves 
itself into a number of little cases called sporangia, ihecte, 
^pore-cases. Each of these spore-cases is a trichome. At 
Rrst it is only a single cell, but by development of this is 
formed a biconvex multicellular organ generally upon a 
stalk. Along one edge of the biconves case is in most 
Ferns a strong thickening of traDSverse bars called the 
annuluB or ring. This, drying in the later snmraer time 
aud contracting, causes a rupture of the thinner walled 
parts of the sporangium. Mixed with the sporangia are 
often found imperfectly developed threads, the paraphyses 
(vapa = by the side of, ^uo-is = nature). 

The sporangium contains spores, A spore is a single cell 
with a double coat. The outer coat is the exospore, the 
inner the endospore. This spore, often thrown to some 
distance from the sporanginm that contained it, and the 
Fern that bore it, under favorable circurastancea germi- 
nates. A hypha is glveu out and almost at once upon its 
emergence from the spore gives off the primitive rootlet. 
The hypha itself divides by transverse septa, and presently 
the cells at the free end are divided by longitudinal ones 
also. Thus is formed a dat, cellular expansion, the pro- 
thallium, some of the cells of which again divide per- 
pendicularly so as to increase its thickness. At one part 
the cells develop chlorophyll, and the prothalliura ^ves 
off rhizoida from its under surface. The pro thallium 
developes upon the surface of the soil : within it are 
formed the true sexual organs, so that thus far the repro- 
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ductioQ has been agamogenetic, and now the gamogenetio 
commences. 

^ Antheridia appear at first as round or oval outgrowths 
of the prothaUiam, bj division of its under cells close to 
the rhizoids. They are ultimately of a hemispherical 
shape. The outer layer of the cells constitfiting an anther- 
idiam, contains chlorophyll ; the cells included in this 
chlorophyll-bearing outer layer are many and small. Within 
them appear the spermatozoids or antherozoids. These are 
spiral : one end is thin, and they are armed with many 
cilia. The thicker end has often attached to it a round 
mass containing chlorophyll granules. 

$ The Archegonia are found where the prothaUium 
is more than one layer of cells in thickness, near the 
concave border. They are cylindrical. The outer cells 
are transparent without chlorophyll, and are ranged in four 
rows round a row of axial cells. These axial cells all 
disappear, save the lowest of them. This basal one is 
granular, large, nucleated. It is the embryo-cell. It has to be 
impregnated by the spermatozoids from the male organ ere 
a new Fern grows. 

(I) Development, — It is evident that much of the develop- 
ment of the Fern has been studied in the investigation of 
the function of reproduction. It only remains to tell 
briefly of the changes of the embryo-cell. This cell 
divides into four cells. The two lower divide again, and 
form a kind of plug of cellular tissue that is imbedded 
in the substance of the prothallium. Possibly this cellular 
plug helps in transferring to or, it may be, in forming food 
for the young plant. This young plant is developed from 
the two upper cells of the four into which the embryo-cell 
is divided. Of these two, the upper one develops into the 
first rhizoid of the Fern, the other into the rhizome. Dif- 
ferentiation of the tissue of this rhizoid and of this rhizome 
takes place. From the rhizome the fronds are developed. 
These are at first curled up like a shepherd's crook, and this 
arrangement is called circinate (circino == I twist). 

(m) Classification. — ^Kingdom, Vegetabilia. Sub-kingdom, 
Cryptogamia. Group, Cormophyta. As the order of 
development is spore, prothallium, reproductive organs, 
plant, spore again, the Fern belongs to the division Pterido- 
phyta C-nrc/ats = Fern). As there are soriu^otiXVkfcViV?^^^ 
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and the fertile leaves are not confined to a particular region 
of the stem, the class is Filicineae. As the spores are all 
alike, and the plant is isosporous (to-09 = the same), the 
order is Filices. The genera and species vary too much for 
me to give anj special names. 

Practical Work. — (1) Rhizoids. (a) Draw as a 
whole, (fi) Transverse section, (y) Longitudinal section. 
(2) Rhizome, (a) Draw as a whole, (fi) Transverse sec- 
tion* (y) Longitudinal. (8) Boil a piece in nitric acid, 
and examine for vessels. (3) Fronds, (a) Draw as a 
whole, (fi) Ramenta. (y) Transverse section of petiole. 
(8) Upper epidermis, (c) Lower epidermis. (Q Vertical 
section of leaf. (4) Reproductive organs, (a) Sorus. (fi) 
Single sporangium. (y) The same ruptured. (8) One 
spore, (e) The same germinating. (^) A prothallium. 
(yj) Vertical section through a prothallium. (0) Anthe- 
ridia. (t) Antherozoids. (#c) Archegonium. 
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CHAPTER XII. 
XII. — Flowering Plant. 

(a) Structure, — (1) Any flowering plant will serve the pur- 
pose of the student fairlj well. Of course, the particular one 
chosen will vary with the season and the locality. One thing 
very important to remember is that the study of one flowering 
plant alone will be of but little use. The best plan is to dissect 
many plants, so as to familiarise oneself with the parts common 
to all, and at the same time with the variety of ways in which 
they are arranged and are developed. The only certain way 
by which the student can make himself acquainted with the 
general structure of flowering plants is by observing, dis- 
secting, and describing a great many different kinds. The 
written description of them is of great importance. In the 
writer's " Botanical Tables for the Use of Students," 
a plan upon which to describe flowering plants and cer- 
tain tables necessary for that purpose are given. Any 
student who will read carefully that which is to be written 
in the succeeding pages could easily, by aid of the tables, 
describe flowering plants. If it were possible to obtain an 
ideal series of plants for the student to investigate, perhaps 
the following list might serve-: Buttercup, Sedum, Prim- 
rose, Bean, Violet, Oak, Lily, Orchid. My description will, 
therefore, be a general one of flowering plants, though I 
shall, upon occasion, make reference to one or other of the 
above-named familiar plcuits. 

(2) General structure. A flowering plant, like Chara and the 
Fern, presents a central axis and certain lateral appendages. 
The axis has one part immersed in the soil, the other raised 
into the air. The former descending portion of the axis is 
the root. The latter ascending portion is the stem. The 
appendages are stem-like offshoots, the branches, and special 
organs upon the stem or upon its branches, known as leaves. 
The morphology and the histology of eac^i oi >i)cL<^%^ ^T^>d»\i^ 
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will be con^iiJered. Slorphology (/lop^ij = form) ie the 
Btndy of the structure of organs. Histology ('toros ^ web) 
is the study of the siructure of tissues. 

(o) Root, (i.) Morphology. The root, or descending 
Bxis, presents sometimes one main central piece in the same 
line ea the primary stem. This part is the primary root ; 
and a plant whose root shows this primary part plainly is 
said to have an asial or tap-root. The root^ of the Botter- 
cup, Sedum, Primrose, Rose, Violet, Oak, are all of this 
kind. Al! roots given off laterally from this primary root, 
or from other parts of the plant, are secondary. Some 
plants, as the Lily aod the Orchid and the Gra£s, have not 
a ceotral main root-axis. Kothing but secondary roots or 
rootlets is known. Such roots are said to be adventitious 
(accideclal), or secondary roots. To the various shapes of 
roots special names are given, for which the reader is re- 
ferred to botanical glossaries, or, belter, to a good practical 
teacher. Koota do not cany leaves. 

(ii.) Histology. Before entering on the bl.''tology of the 
root, the student is reminded that the cell is the unit of 
vegetable structures ; that an eloogated ihick-walled cell ts 
a hbre ; that a vessel results from the fusion together of 
super-imposed cells ; that a collection of not greatly changed 
cells is fundamental tissue, orparenchyma ; that a collection 
of fibres is fibrous tissue, or prosenchyma ; that a collection 
of vessels is vascular tissue ; that these two last are usually 
associated, and form fibro-vascular bundles ; that the flat- 
leued external layer of cells is the epidermis. The roots of 
floweriog plants have a root-cap. This is a cap coveriug 
the extremity of the root. It is difficult to see in plauts 
whose roots are plunged in the soil, because the ends break 
off BO readily. But the roots of Lemna, the duckweed, 
haogiug down into the water of stagnant ponds, when placed 
under a one-inch objective, show the root-cap very welL 
It is wholly cellular and of several layers of cells, is fixed to 
the apex of the root, and runs up the side of the root for 
some little distance as an investment. A transverse section 
of the root reveals the following parts from without in- 
wards. An outer covering, or epiblema, fundamental tissue, 
a single cylindrical mass of fibro-vascular bundles, Burroimd- 
ing a pith or medulla of fundamental tissue. Taking each 
of these in succession, the epiblema is epidermis minus 
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stomata. The general structure is that of epidermis, already 
described. But no openings are present, and usually the 
trichomes, or root-hairs, are well developed. The funda- 
mental tissue making the greater part of the mass of the 
root, and that in the pith are normal. The fibro- vascular 
bundle needs special attention. The most external layer of 
this bundle is cellular, and is capable of growth and develop- 
ment. This is called the pericambium (ircpL = around, 
camhio — I nourish). From it the secondary roots take 
origin, and with it the soft part of the root just within its 
actual apex is connected. The lines of origin of the 
secondary roots correspond exactly with the wood-bundles 
in this fibro- vascular bundle. For within the circumferential 
pericambium of the bundle occur vertical rows of wood- 
tissue and vertical rows of bark-tissue that run the length 
of the root. Usually there are two, three, or four of the 
wood-bundles and as many of the bark-bundles. More than 
these are occasionally seen, as in some of the Lily order. 
This is the first time we have encountered wood and bark as 
histological constituents. It is, therefore, necessary to give 
a clear account of them once for all. That which is now 
to be said is true of wood and of bark generally, and in an 
examination should be clearly stated whenever these struc- 
tures are mentioned, whether in connexion with roots, or, as 
is far more likely to occur, in connexion with the stem. 

Wood or xylem (|^v\ov = wood) is broadly distinguished 
by its cells being strengthened by lignin and filled with air. 
Xylem is therefore firm and brittle. Bark or phloem 
(<^Xotov=:bark) is broadly distinguished by its cells being 
softer and more flexible, and containing sap. Passing to a 
more detailed account, xjlem shows three chief elements. 
These are true vessels, already described, true fibres, already 
described, cells, forming the xylem parenchyma. The 
phloem shows three elements. Sieve-tubes, with unthick- 
ened side-walls, but with thick transverse walls, where the 
original cells joined end on. The thick transverse walls are 
peiSorated. Fibres (bast-fibres) like those of wood, but 
more flexible and containing sap. Cells that form the bast 
or phloem parenchyma. These cells are longer than those 
of the xylem, and are filled with fluid. Often they ure 
called cambiform. The fibres of the phloem constitute the 
hard bast: its sieve- tubes and cells the soft bast. Jvi%\» 
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within the root-cap is the cellular, growing layer, a full 
account of which will be giveo under the head of develop- 

(/3) The stem, (i.) Morphology. There are three chief 
kinds of stem. If, as in the Buttercup, the Etcin is green, 
t'oft, delicate, it is herbaceous. If, as in the Oak, it is 
darker in color, hard and strong, it is woody, and we have 
a tree. Intermediate to these ranks the shrub. Of this 
the Rose is an example. Various terms are used in describ- 
ing stems. These hare reference to tbeir direction, shape, 
surface. But for these, the Gtudeot is advised to consult 
descriptive works or a good teaclier. Upon the stem buds 
are £een. They are usually in the asils of the leaves borne 
by the sicm, and are called axillary. If they are not in tfae 
axils of leaves, they are called adventitious. From these 
buds branches or flowers are developed. 

(ii.) Histology. A transverse section of an ordinary 
English herbaceous stem, such as that of a Bean-planr, 
revtals the following parts io succession from without 
inwards. Epidermis. This calls for no special comment. 
Sub-epidermal parenchyma or parenchyma of the bark, the 
mesophloeum or middle bark. This is a succession of many 
layers of round, chlorophyll-bearing cells. Fibro- vascular 
buDdles. A number of these are generally present. Each 
of Ihem is wedge-shaped, with Ihe narrow end of the wedge 
turned inwards towards the centre of the stem. Taking 
one flbro-vascular bundle, its parts from without inwards 
are as follows. Phloem or bast or liber (endophloeum) ; a 
layer of fusiform cells, round In transverse section and 
with thick walls. Cambium, of cells that are small, angular, 
thin-walled, with granular contents. These cambium-cells 
are in direct continuity with the apex of the stem. Xyleni ; 
email fibres with thick walls and vessels intermingled with 
the fibres. The vessels are often spiral, and this structure 
is especially seen in the vessels sifuate in the part of the 
bundle nearer the centre of the stem. But, besides the 
spiral vessels, others are seen in which the secondary deposit 
is not in a spiral, nor is it in the form of transverse bars, 
as in the scalariforra vessels of ferns. The deposit in these 
vessels that are so characteristic of the wood of flowering 
plants ia laid down much more continuously than in either 
at the cafieB just mentioned. It ia not, however, quite con- 
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Unuona. Imagine a layer of ligoin deposited all over llie 
inocr surface of the cellulose wuU except at certain amnll 
places. It is laid down aa a kind of perforated membrane. 
Ae succBBsive layers are deposited, each concentric with the 
first and with the original cellulose wall, they encroach 
more and more upon the cavity of the cell, aod mate the 
wall thicker and thicker. But the perforations in them nil 
correspond. Thus many canals are formed that run tlirough 
the thickness of these strengtbeniog layers, and aro only 
closed by the thin cellulose wall upoD the exterior. This 
arraugement admits of the easy passing of fluid from vessel 
to vessel, despite the great strengthening of the walls. 

In the very centre of the stem of most English plants is 
the pith or medulla, of cells once more, and connecting this 
irith the cellular layer of the bark are plates of cellular 
tissue that in the transverse scctioa appear as radiating 
lines. Those are the medullary rays. 

(y) Leaves. — (i.) Morphology. Three leaf regions are 
known, each of which presents different kinds of leaves. 
The bulb of a Lily or Hyacinth shows the Qnt region. The 
white scales forming the larger part of the bulb are leaves, 
and this region is called the leaf-scale regiou. The ordinary 
leaves of an ordinary plant, green, air- surrounded, are the 
second kind. The flowers are of modified or metamorphosed 
leaves, and constitute the third regiou. Their parts are the 
floral leaves. 

The morphology of the leaf-scaleB or eataphyllary leaves 
{Kara = down, ^uAAov = a leaf) is very simple. They are 
nearly flat, colorless scales. 

The morphology of the ordinary leaf. A leaf-stalk in 
many cases, not in all ; a blade almost always ; aod at the 
base of the leaf-etalk a leaf-sheath that is far more fre- 
quently wanting than present. The stalk is the petiole. 
If it ia wanting, the leaf is sessile (aedeo = I sit). The 
blade is the lamina. Its veining, its shape, its margin, apex:, 
Bnrface, all require in descriptive Botany special terms. The 
sheath or vagina is seen in the leaf of the Bose or of the 
Bean. It is a leafy expansion (double in both these plants), 
visible at the region where the petiole joins the stem. When 
it is thus double, the two parts are called stipules. 

The morphology of the floral leaves. If an orJinary 
flower ia carefully picked to pieces four e'wclea >!? or^'a.'ia 
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are seen. Thus a Buttercup presents from wilhout iowards 
a circle of frreen leaves, a circle of yellow leaves, a Dumber 
of yellow threads, a number of green bodies. The outermost 
circle of green leaves is collectively the calyx. Its indi- 
vidual members are sepals. The second circle of yellow 
leaves is collectively the corolla. Its individual members 
are petals. The mass of yellow threads is collectively the 
andrceciiim ('aiT;p = maD, Wos=honse),foreach of its indi- 
vidual threads or stamens is a male organ. The green bodies 
in the centre of the flower are colleclively the gynfficium 
(yvnj = woman), for each of its individual bodies or carpels 
is a female organ. If another flower — e.j., the Sodum — 
is examined, the sepals making up the calyx, the petals 
maiing up the corolla, the stamens (only ten in Sedum) 
making op the andrcccium, and the carpels (only flve in 
number) making up the gyntecium, will be found. In ihe 
Primrose the chief changes are that the sepals are joined 
one to the other; the petals are joined one to the other, 
and the carpels are all welded together into a single, flask- 
shaped structure, the gyncccium. Further, In the Primrose 
the five stamens of the androscium are joined to the corolla. 
In the Bean plant the calyx has its sepals conjoined ; 
the corolla has five very irregularly shaped petals ; the 
stamens are ten, and nine of them are conjoined, and the 
gyncccium haa only a single carpel. In the Violet the 
sepals and petals are very irregular in shape, the flve 
Btamens are also odd of form, and the flask-shaped gyncecium 
has three carpels joined together in its structure. The Oak 
is curious, hecause the male and female organs are in 
different flowers, and the corolla is altogether wanting. In 
the Lily the two outer circles, calys and corolla, are alike, 
and, as it is not easy to distinguish the one from the other, 
they are named collectively the perianth (irtpi = aronnd, 
'avStiq = flower). So also in the Orchid we have a peiianth 
of two circles or whorls, and the name perianth is used 
generally when it is impossible to see a clear distinction 
between the sepals and the petals. In the Orchid the 
androecium is represented by one stamen only, and the 
remarkable gynojcium is of three united carpels. 

Let us now consider each of these whorls in detail. 
Calyx. Of green leaves called sepals. These last vary in 
nutaber, although flve is a very common number. They 
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may be joined together. Then the calyx is gamosepalona 
(yn/ios = nnion). Or the sepals may be distinct. If the 
sepals are joined at their bases, the loner conjoined part ia the 
tube ; the upper part, where the sepals are free, is the limb. 

The corolla is of loaves called petals that are usually 
colored. The petals are often, but not always, five in number. 
They may he joined (corolla gamopetaloua) or distinct. If 
the petals are joined, the words tubo and limb are used in 
the same sense as that in which they are employed in regard 
to the calyx. 

The morphology of the Androicium and of the Gyna;ciiira 
will be better considered under the head of Reproduction. 

(ii.) Histology. Of the leaf scale. A mass of cellular 
tissue ; each cell without chlorophyll and generally rather 
more flattened than spherical in shape. 

Of the ordinary leaf. The petiole. A transverse section 
of the petiole of an ordinary flowering plant presents an 
epidermis upon the outside, fundamental tissue making up, 
B3 usual, the mass of the organ, and amidst this the cut ends 
of vertical fibro- vascular bundles, derived from the xylera and 
the phloem of the stem. The lamina. The exterior of this 
part of the leaf is of epidermis. In our temperate climate 
the epidermis is of one layer of cells. The cells are flattened 
and rectangular in shape. Openings, the atomata, are fonnd 
between them that lead into the intercellular spaces of the 
leaf. The strncture of these stomata and of their guard- 
cells is the same as that of the fern stomata and fern guard- 
cells. The stomata are far more numerous upon the under 
surface of the leaf than upon the upper. The mesophyll, or 
cellular tissue of the leaf, lies between the upper and the 
lower epidermis, and is traversed by the veins or fibro- 
vascular bundles. Its cells are of a cellulose wall, primordial 
utricle, protoplasm with vacuole and endoplast, and generally 
starch. The cells of the mesophyll nearest to the upper 
epidermis are oblong in shape, with the longer diameter ver- 
tical and contain chlorophyll. Those of the epidermis are 
without chlorophyll. The cells within the lower epidermis 
are stellate or star-shaped. These also contain chlorophyll. 
So that the mesophyll is green, and as the cells of the upper 
region are more closely packed than are those of the lower, 
we can understand the deeper green of the upper side of the 
leaf as compared with the lower. The veins, or tibm-vww.'i.- 
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lar bundles, are of xjlem upon the upper side that is id con< 
tiauitj with the xylem of the stem, and of phloem upoo the 
under side that is in continuity with the phloem of the s 
The sheath, or vagina, hue the same histological compositioa 
as the lamina. 

Of the floral leaves. Each individual member of each 
whorl of the flower is a metamorphosed leaf. The sepals 
aad petals are leaves very litlle transformed. They have epi- 
dermis, which upon the outer side, that corresponds with 
the under side of the leaf, is provided with stomata. They 
have fuodamental tissue, the color-matter in which is chlo- 
rophyll in most sepals, and in most petals is that modiQca* 
tioa of chlorophyll that gives a yellow, or a blue or a red 
hue. Traversing ibis fundamental tissue, as the veins or 
fibro-vascular buudles traverse the mesophyll of the leaf, are 
spiral vessels. The fibro-vascular bundles are here reduced 
to their most delicate constituent. 

The histology of the Andrcecium and of the Gynteoium 
will he studied under the head of Reproduction. 

(S) Digeslio7\. — The food of flowering plants is inorganic. 
Carbon dioxide, water, ammouia, are the three chief food- 
stuffs. Salts also are of imporlance. A good fluid in which 
to grow flowering plants is water that has in solution potas- 
sium nitrate, KNO^ ; calcium nitrate, Ca2 N 0^ ; potas- 
sium sulphate, K- S O^ ; iron sulphate, Fe S 0' ; magne- 
sium sulphate, Mg S 0''. 

The organs that take in the food are the roots and the 
green parts. From the soil the roots absorb water wttb 
salts in solution. Many of these salts are nitrates, and 
many are ammonium salts. Ammonium has for symbol, 
H^ N. Hence the roots may be regarded as the organs that 
take in the nitrogenous parts of the food, for experiments, 
nolably those of Lawes, Gilbert, and Pugh, have showa 
that nitrogen, as nitrogen, is not taken in from the air as a 
food-stuff by plants. On the other hand, the green parts, 
take in food from the air, and the chief material thus in- 
gested is carbon dioxide. Of this the carbon is fixed and 
the oxygen given out. Hence the roots take in the nitro- 
gen-containing food-stuffs, and the leaves especially take in 
the carbon- containing food-stuffs. From the rooU the for- 
mer must move up until they meet the latter coming down 
from the green parts. Where the two sels of food-stuffs 
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meet, the manufacture of those important plant-structurea 
that contain carbon, hydrogen, oxygen, nitrogen, must 
occur, and from the place where this manufacture occurs, 
diffusion of these substances to other parts of the plant 
must follow. So that, as has been well sciid, the flowering 
plant is as to its roots a fungus, needing no light and making: 
nitrogenous things out of inorganic materials ; and as to ita 
green parts an alga, flxiug carbon with the aid of sunlight. 
There are no openings for the intaking of food in either 
roots, or leaves, or stems. All is done by the general sur-* 
face. This taking in of food is often called Assimilation 
((K?=to, 5imi7w=lfike). And to the various processes whereby 
the first materials thus formed are changed into the many 
things that are manufactured out of them, the geueral 
name of Metastasis, or change, is given. Contrasting the 
two processes, we find that — 

Assimilation takes place in parts containing chlorophyll. 

Metastasis takes place in all parts. 

Assimilation needs light. 

Metastasis does not. 

Assimilation liberates oxygen. 

Metastasis uses up oxygen. 

Assimilation increases the plant's weight. 

Metastasis diminishes the plant's weight. For in the trans- 
formation changes work is being done and waste 
must ensue. 

(c)- 

(d) Circulation, — (e) Respiration. — ^AU that was said under 
these heads in the history of the Fern applies here. 

(J) Secretion. — ^For the first time we can speak clearly 
under this heading. Secretion (from secemo^ secrevi, secre- 
tum=l separate) is the separation of special things from the 
blood or -from the sap, to be either used again or eliminated 
as injurious to the body. An organ that thus secretes is 
called a gland. In the human body, e,g.^ the liver is a 
gland, secreting from the blood bile that is partly of 
use in the body again, partly excrementitious. . Flowering 
plants present certain organs that must be called secre- 
tory. The trichomes are often glandular hairs, as in 
the sting of the nettle. In the epidermis of many plants are 
little masses of cells that secrete a viscid matter. In some 
parts of the flowers are cellular organs that f otycl \i^^V<dx ^^ 
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honey. These last glaods are called Dectaries. They can 
be ^eea at the base of a buttercup petal upon the inner side. 
Upon a few plantE, as the Suodew, very remarkable glands 
are met with, that secrete a true digestive fluid capable of 
digesting' animal matters. (See the author's " btudent's 
Darwin," p. 111.) In the intercellalar spaces of some 
plants much secretion is formed. The resin of the pine- 
trees is an example. 

{g) Nervovs fjiftem. — (A) Motor Organs. — (i) Sense Organs. 
— tinder these heads in an elementary book nothing can be 
said. But the young student is warned that certain remark- 
able rcGponsea to stimuli, transmissions of influence from 
one part to another, and movements are observable in 
plants, and make us believe that ere long we may have 
to discufs at far greater length the question of a nervous 
and of a muscular system in plants. 

(i) Reproduction. — Agamogenesis is effected through the 
agency of buds or slips. These removed from the parent 
plant will nnder favorable circumstances grow up into a 
new being, like that whence the gemma was taken. 

Gamogenesia. The account of ihis must commence with 
a description of the morphology and histology of the sexnal 
organs. 

(1) Morphology, Andrceciom, of stamens. Each stamen 
has generally a lower thread-like part, the filament {filuf, 
= thread), i " ' ' .. ~ ., . ™,. 
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a cap at the summit of this. The cap ia a 
9 of two lobes placed side by side. The line 
. is the furrow. Each lobe is hollow, and con- 
V dust, the pollen. This is the fertilising agent 
srgan. A fine vertical line is generally visible 
n the front face of each anther-lobe. This is 
the line along which the anther-lobe will open, and thus be 
able to discharge its contained pollen. 

The gynoicium is of carpels, but these carpels are gene- 
rally joined together. Let us consider, first, a Buttercup or 
a Sedum. Hero the carpels are quite free one from the 
other. In the Buttercup they are many ; in the Sedum, 
five. If a single carpel of either of these plants is 
examined, it is seen to have a swollen base. This is the 
r ovary. In the Buttercup this little case ends 
n a minute point, the stigma. In the Sedum a like ter- 
ninal point oxisla, but it is separated from the ovary by a 
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thread-like stalk, the style. So that a carpel consists, as a 
rule, of ovary, style, stigma. Within the ovary, if it is 
opened, is found in Buttercup one unripe seed or ovule. 
Within each of the five ovaries of Sedum are several ovules. 
The one ovule of Buttercup and the several of Sedum are 
attached to a ridge upon the interior wall that is known as 
the placenta. In most plants the carpels are conjoined. 
Thus, in the Primrose, the globular ovary, the single style, 
the rounded stigma, are probably each five-fold. The five 
carpels are joined together into one gynoccium. Even when 
the ovary of Primrose is opened, no trace of the complexity 
of this gy noDcium is evident. It has only one room or cell 
within it, and all the ovules are placed upon a placenta that 
rises as a column free from the side-walls, and taking oria:in 
from the centre of the base or floor of the ovary. The 
Beau-plant has a gynoecium of one carpel only, and in it 
the long ovary, the curved style, the minute stigma are all 
well marked. The Violet has three carpels united together. 
If its ovary is cut across transversely, though only one cell 
is seen within, the ovules are found ranged upon the walls in 
three sets. The Lily also has three carpels in the gynoeciura, 
and here a section of the ovary shows three cells or rooms, 
each completely shut off from its fellow. 

The placenta calls for special notice. It is the part of the 
ovary to which the ovules are attached. In the sepa- 
rate ovaries of the Buttercup and of Sedum and in the one 
ovary of the Bean-plant, this placenta is formed from one 
carpel only. Now, a carpel, like every other part of the 
flower, is a metamorphosed leaf. The metamorphosed leaf 
in becoming a carpel has been so folded upon itself that the 
two edges have joined together and enclosed the cavity of 
the ovary. The two joined edges, or margins of the leaf, 
have made a ridge upon the interior of the ovary, and to 
this ridge the ovules are attached. This ridge is the placenta, 
and as it is made up of the margins of the carpel leaf it is 
called marginal. 

In the Violet and Orchid, when the ovary is cut across 
transversely, three sets of ovules are found. They are 
placed on the walls of the ovary, for the gynoecium is in 
these plants formed of three carpels placed side by side, 
and the margins of each of the three united with the 
adjacent margins of the two contigwowa ear^^'a. '^^ ^^^ ^"^ 
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the three leaves has folded in so completely ss happens io 
the case of the Buttercup. Each lias been folded in a little, 
and then one of ita edges joined to the edge of the carpel- 
leaf to its right and the other to the edge of the carpel-leaf 
to its left. Thus we have a one-celled ovary nith three 
ridges on ilfi walla, each ridge made up of the margiDB of 
two carpels. This kind of placenta is called parietal 
(paries = wall). 

In Lily and in many other plants, as, e.g., Fuchsia, Fox- 
glove, Greraniuiu, more than one carpel is concerned lu 
making up the gynoscium. But in all ihese plants the indi- 
vidual carpels have been completely folded upon themselves, 
GO that each has its own margins united and each encloses its 
own individual cavity. Thus results an ovary with as many 
cells OS there are carpels, and with all the placentiB meeting 
ID the middle or axis of the ovary. Each placenta is here 
formed of the two margins of one carpel-leaf. The arrange- 
ment is, io short, a multiple of the marginal arrangement 
seen in the single carpel. As all the plocenlie, one for each 
cell, meet in the axis of the ovary, these placenta are called 
axile. 

(2) Histology. Andrtecium. The stamen is a meta- 
morphosed leaf. Its filament is the petiole : its anther, 
the lamina. The filament has epidermis externally, f unda- 
meotal tissue making up the mass of the thread, and a 
single bundle of spiral vessels as sole representative of the 
fihro-vascular bundles. The filanient ends above in the 
connective, a part that joios together the two anther-lobes. 
Each anther-lobe has two walls, the outer or exothecium 
(t^oi' = without, 6tiKa = covering), the inner or endotheciura 
(ff^ov^ within). The outer is epidermal in its nature, and 
its cells are smooth- walled. If the anther is not to open, 
-and some anthers remain closed, the endothecium cells are 
also smooth- walled. But in all anthers that dehisce or open 
to discharge their pollen, the cells of the endothecium are 
fibrous, I.e., they have secondary deposits. In the majority 
of anthers that dehisce longitudinally down the suture all 
the cells of the endothecium are fibrous. When the parts 
of the flower exposed to the summer sunlight begin to dry 
the cells of the exothecium, contracting more strongly tbau 

! strengthened fibrous cells of the endothecium, cause a 
tension in the anther-walls that ends in the walls rupturing 
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«,loDg the weakest line, and that weakest line, where both 
coats are thinnest, is the vertical line known as the suture. 

The histology of the pollen-grain. Each pollen-grain is, 
as a rule, a single cell with ultimately two walls. The outer 
wall is epidermal, often covered with spines, ridges, warts. 
It is the extine. The extine is generally perforated at 
<;ertain points and coated with a viscid oil. The inner wall 
is of pure cellulose, thickened at certain points that corre- 
spond with the perforations in the extine. This inner coat 
is the intine. Within these two coats is the fovilla {foveo 
= I nourish). This is of protoplasm, dense, coarse-grained, 
with starch and oil intermixed. 

The carpel is a metamorphosed leaf. Hence the outer 
wall of the ovary is epidermal, and often provided with 
43tomata. The thickness of the wall is of fundamental 
tissue traversed by spiral vessels as the sole remaining 
representative of the fibro< vascular bundles, whilst the inner 
lining of the ovary is that modification of epidermis usually 
known as epithelium, destitute of stomata and of trichomes. 
The structure of the style and stigma is on the same plan. 
The placenta is for the most part cellular, but spiral vessels 
pass into it and from it to the ovules it supports. 

The ovule is as a bud on the margin of the carpel-leaf. It 
is often connected with the placenta by a stalk, the podosperm 
{ttov?, 7ro8o5 = foot, o-Trepfxa = seed) or funiculus (funis = 
cord). Essentially the ovule consists of a central mass of 
cells, the nucellus, invested by two coats also cellular. The 
inner of these is the primine (primus = first), the outer is 
the secundine. The point of junction of the podosperm 
with the rest of the ovule is the hilum. The point of 
junction of the secdndine with the nucellus is the chalaza 
(xaXa|[(i) == I feed). These two points do not always cor- 
respond, as might at first be imagined, on account of the 
twisting of the ovule that occurs in many cases. As the 
two coats do not completely surround the nucellus, an 
opening is left between them called the micropyle (fxiKpo^ 
= little, TTvXo? = gate). The three kinds of ovule depend 
upon the relative positions of the parts just named. If the 
nucellus is straight with the hilum below and the micropyle 
above, the ovule is orthotropous or atropous (opOo^ = 
straight or a = without, t/dctto) = I turn). This is seen 
in the Dock. If the ovule is tilted up so tl\«A.\\v<&\SLxwfiL\^ 
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uppermost, the micropyle lowermost, the nucellus inverted^ 
and the podosperm adherent to the side of the ovule, so as 
to form a raphe (ridge), the ovule is anatropous (ava = up), 
as in Buttercup. If the nucellus and its coats are curved, 
horse-shoe fashion, the hilum and the micropyle, both being 
close to the placenta, the ovule is campjlotropous (KafnrvXov 
= horse-shoe). An example of this kind of ovule is seen 
in the Pink or the Chickweed. The two latter of the three 
forms are more common, and have probably been naturally 
selected, as it is of great advantage to a plant to have the 
micropyle near the placenta as it is in these two cases. 

Now that the morphology and histology of the organs 
concerned are understood, we can study the process of re- 
production. The one essential is to bring pollen and 
nucellus together. For within the pollen-grain is the f ovilla, 
or impregnating matter, and within the nucellus is de- 
veloped, near its upper part, a special cell, the embryo- 
sac and within this embryo-sac, the protoplasm, aggregating 
together into one or more masses, has formed one or more 
oospheres. Unless one of these oospheres is impregnated by 
the f ovilla of the pollen- grain, gamogenesis will not take 
place. The rest of the embryo-sac, i.e., the part of it not 
occupied by oospheres, is filled up with a mass of cells known 
as endosperm, or badly, as the albumen of the seed. 

The first question is as to the manner of transference of 
the pollen-grain. The diflBculty is really greater than at 
first sight it seems to be. For we tend to think that the 
pollen of a given flower always fertilises the ovule of the 
same flower. But the researches of Darwin, in England, 
and of Gartner and Kolreuter in Germany, have shown 
that this self -fertilisation is very rare. Cross-fertilisation 
is the rule ; that is, the fertilisation of the ovule of a given 
flower by the pollen from another flower of the same kind. 
The whole of this most important question with its im- 
mense consequences is discussed more fully than it can be 
here in the writer's " Biological Discoveries and Problems " 
under Reproduction. The transference of the pollen that 
must take place if cross-fertilisation is to be effected is 
brought about either by the wind or by insects. Flowers 
like the Oak that are aided by the wind, whose pollen is 
borne by the wind, are called anemophilous (*avc/xos = 
wind, ^cA€o)=I love). Plants whose pollen is carried from 
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flower to flower by insects are called entomophilous (evrofxov 
= insect). These latter, such as the Yiolet, and, indeed, 
all the plants named at the beginning of this chapter, except 
the Oak, are attractive to insects by their color, shape, odor, 
and nectary. When by the wind or by an insect the pollen of 
a flower is carried to the stigma of another flower of the same 
species, if that stigma is ripe, a quantity of fluid is found upon 
it. This fluid the pollen-grain absorbs. The grain now begins 
to grow. The hard extine does not alter, but through its 
apertures the soft, continuous intine protrudes in the form 
of a hypha, called the pollen-tube. This tube goes down 
the canal of the hollow style, fed on its way by the rich, 
protoplasmic conducting tissue that partly blocks the canal. 
At last it reaches the ovary. There it follows the line of 
the placenta, which is also covered with conducting tissue. 
Close to the placenta are the micropyles of the ovules. The 
poUen-tube turns up into one of these, forces its way through 
the nucellus, and its contents, the fovilla, pass into the 
embryo-sac and fertilise the oosphere. 

Looking back for a moment, homologies and analogies 
between the Fern and flowering plants may now be con- 
sidered. 

Feen. Flowering Plant. 

Sporangium. Anther or ovule. 

Male spores, producing only Pollen -grains. 

prothallia that carry an- 

theridia. 
Hypha given out by one PoUen-tube. 

spore. 
Female spore, producing Embryo-sac. 

only prothallia that carry 

archegonia. 
Prothallus. ? Endosperm. 

Embryo-cell of archegonium Embryo-cell, or oosphere 

after impregnation. 

(Z) Development, — ^The plastid oosphere, impregnated, 
takes to itself a wall, and is an embryo-cell. This divides 
into two, one of which, undergoing yet further division, 
becomes a thread or suspensor that supports the product of 
the division of the second cell. This second cell undergoes 
considerable binary division, and after a while the little 
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roundetl mass of cells tfaus formed begins to separate into 
three regioos. Of tbcse, the one tliat points to the micro- 
pyle is the rudimeotary root or radicle. Another region, at 
the opposite end of the embryo to the radicle, is the rudi- 
meotary stem or plumule. Enveloping these is one rndi- 
mentary leaf, or there are two rudimentary leaves, the 
cotyledons. These three parts are easily made gut by 
scrapiog off the outer coats of a beao, and splitting it into 
two halves. These white halves are the cotyledons, and 
nestling between them at their edges are the pointed radicle 
and the flattened dentate plumule. At first all these three 
parts are wholly cellular. The cotyledons contain much 
etRfch and other nutrieot matter. This they give up to the 
young root and stem. These parts grow by cell-dirisiou. 
The radicle, piercing the seed coats, plunges into the soil 
as the root. The plumule grows upwards into the air as 
the first bud of the stem. From the stem, later, leaves and 
branches are given off, and yet later those modified branches 
that we call flowers. To trace out the full history of the 
development of every part of a flowering plant would carry 
lis far beyond the limits prescribed for tbLi book. But a 
word or two upon the development of the root, of the stem, 
of the leaf, and of the pollen, may with advantage he said. 

The growing part of a root is just within the root-cap, 
and is of many thin-walled cells in close contact, and 
very rich in protoplasm. This tissue is the primary meri- 
slem. This primary mcrislem may show as many as four 
distinct layers (Hydrocharis), but in most roots certain of 
the typical layers are blended. From without iowards the 
layers that may be present are the calyptrogen (xnA-iurrpa == 
covering), whence the root-cap is developed ; the derma- 
togen (Sepjia = skin), whence the epiblema is developed ; 
the periblem, whence the cortical port, if present, is 
developed ; and the central plerome, whence originate the 
axial tissue and the fibro-vascular bundles. Id roost plants 
with adventitious roots the second and third of these, derma- 
togen and periblem, are fused together, and in most plants 
with an axial root the first and second, calyptrogen and 
-dermatogen, are conjoined. 

In the study of the development of the stem we find that 
ita growing point is of primary meristem, and that this 
preeents the three inner layers c^ the four Been in the root 
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There is no calyptrogeo, as the stem has nothipg corre- 
sponding nith the root-cap. But the dermatogeo ia there, 
and from it the epidermis is formed. Within it is the peri- 
blem of several layers, and from this the cortical tiseues 
arise ; while the centre of the growing point is a cylinder of 
plerome, whence the sylem, phloem and medulla are formed. 

In the development of the leaf we must remember that 
the growth ia centripetal (centrum = centre, jOe(o = I seek). 
I^eaves grow from their bases, not at their apex, 

I'oUen -grains. Each of the cells within the double wall 
of the anther-lobe is a mother-cell of a pollen-grain. Each 
of these mother-cells divides into four special mother-cells. 
Each of these last forms within itself by free-cell formation 
a pollea-grain. By the solution of the walls of the special 
mother-cells, and of the mother-cells, the pollen-grains are 
aet loose in the cavity of the anther. 

(m) Ctaatijicalioii. — All flowering plants belong to the 
kingdom Vegetabilia. As they have stamens and carpels, 
they are of the sub-kingdom Phienogamia (•^ua'cu =^ I 
appear). This sub-kingdom is divided into two classes, 
the marka of which, and of their chief subdivisiona, will be 
better understood if I here transcribe the table upon page 3 
of my " Botanical Tables for the use of Students." 
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Practical Work. — (1) Description of many plants. 

(2) Vertical section of root Stndy root-cap in Lemna. 

(3) Transverse section of root. (4) Of herbaceous stem. 
(5) Vertical of herbaceous stem. (6) Boil fibro-vascnlar 
bundles in weak nitric acid, and study under high power. 
(7) Sections of young buds. (8) Transverse section of 
petiole. (9) Vertical of lamina. (10) £|ndermis from under 
side of leaf. (11) Transverse section of young flower-bud. 
(12) Histology of sepal. (13) Of petal, with special reference 
to spiral vessels. (14) Transverse section of filament. (15) 
Vertical of filament. (16) Draw anther, not magnified. 
(17) Histology of anther-lobe. (18) Pollen. (19) Draw 
gyncecium, not magnified. (20) Epidermis of ovary. (21) 
Epithelium of ovary. (22) Transverse section of ovaFy. 
(23) Of style. (24) Sections of stigma and style of Evening 
Primrose for pollen- tubes. (25) Ovules of Veronica 
serpyllifolia for entrance of pollen-tubes into micropyle. 
(26) Seeds of Canterbury Bell for embryo-sac and contents. 
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(a) Structure. — (1) Occurrence. Fresh-water Muauols 
are t'ound id poods and rircrB. There are two kinds, bul 
the general descripiiou now to be given applies to both, 
■ o far as regards the shell. The shell of Uoio (the 
' of the last scene in "Hamlet") differs slightly 
from that of Anodontu, the antmat whose shell will be de- 
scribed at length. 

(2) General structure. The animal has a skeleton. A 
skeleton {irKeKij-i = hard) la a hard structure that serves fov 
the protection of organs and for the support of muscles. In 
the Musaet the skeleton is external. It invests the animal 
upon the exterior. It is, therefore, an exoskeleton. The 
two shells make up the exoskeleton. Usually they are 
called valves, and the pair of thoin constitute a bivalve 
shell The two valves are joined together upon the dorsal, 
or back region, by a set of strong, elastic fibres. These 
fibres constitute the Hgament, and by their elasticity keep 
the two valves apart, as far as their lower or ventral edges 
are concerned. So that in the normal, undisturbed condi- 
tion of the Mussel, the two parts of the shell arc slightly 
separated below, though they are conjoined above. When 
the two valves are completely approximated, certain 
muscles, called adductors, are contracting. If the animal 
is dead, the valves are permanently separated below. 

Each valve is broader at one end than at the other. The 
broader end is that in relation to the moutb. The anterior 
end is broader than the posterior. Upon the dorsal border 
of each valve, near the tapering anterior end, is a blunt 
point, called the umbo. The external markings of the 
shell are a number of concentric lines, that are realty lineH 
of growth. The internal markings of the shell, visible 
when the aaimol has been removed {Tom\V% cn-4«T\T^, «:•& 
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two large, roundish ones, a smaller one near the posterior of 
the two large ones, and three lines, the one running along the 
shell parallel to ite lower edge, the other two running from 
the umho to the two larger marks. The two largest, round- 
ish impressions seen upon the inner face of each valve are the 
points of attachment of the two muscles that bring the 
valves together. The smaller mark, near to the posterior 
of thei^e, is the point of attachment of one of the muscles 
that retract the foot. The line running parallel to the 
lower edge of the valve is that of the attachment of certain 
muscles that connect the integument of the Mussel with its 
shell, and the lines from the umho to the large muscle-marks 
are those showing the successive points of attachment of the 
thell-musclee as the animal grew larger. 

Chemically, the shell is for the most part of calcium car- 
bonate, Ca CO^. Traces of calcium phosphate, Ca., 2P0*. 
may be present, and small quantities of one or two other 
salts. A small percentage of animal matter is present. It 
is interesting to compare, for a moment, the chemical com- 
position of the exoskeleton of this animal with that of the 
eadoskeletOQ of higher animals. There is far more animal 
matter in hone than in shell. One-third of bone is animal 
matter, or gelatin. Again, ia hone the larger part of the 
minersj constltuenta is calcium phosphate : in shell, it is 
calcium carbonate. The edges of the valves are generally 
soft, uncalcified, as their growth is continuous. 

Within the two valves lies the body of the animal. 
The valves are placed to the right and left. They 
are lateral, and the body is bilateraJly symmetrical, i.e., a 
median vertical plane would divide the body into two 
exactly similar halves. The integument of the body, which, 
while it covers the other parts, secretes and is covered by 
the shell, ia very smooth and welt supplied with blood. It 
is known as the mantle or pallium, and presents two lobes, 
that correspond with the two valves of the shell. These 
two lateral mantle-lobes are free at their lower edges, which 
are considerably thickened. Upon the dorsal, or back 
region, they are united together at the front and be- 
hind. They join one the other before the mouth and they 
join one the other above and in front of the posterior ter- 
mination of the alimentary canal. Between these two 
places of union the two mantle-lobes are connected with the 



I 



GENERAI, RIOLOBf, 101 

dorsal edge of the outer gill. If, then, we trace one of the 
lobes from before backwards, we find it at first conjoiaed 
with its fellow, then bound on to the aide of the bodf b^ 
its coDJUDction with the upper part of the outer gill, and 
then agaio joining its fellow at the posUirior region of the 
body, and upon the dorsal side of the body. Tlie ventral 
edges of the two man tie- lobe a are practically free through- 
out their length and thickened. These three regions of the 
mantle, as far as tlie relations of its upper part are con- 
cerned, mark the animal approximately off into three parts. 
The part where the two manlle-lobea join one another in 
front of the mouth, and where the anterior of the two 
muscles that approximate the two valves of the shell is 
located, is the prosoma (irpo = before, o-ai/La = body). The 
part where the two mantle-lobes are affixed to the Hide 
of the body, the part in which the gills and the foot hang down 
is the mesosoma, or middle body, and the posterior region 
of the Mussel, in which the two lobe^ again run into each 
other, and in which, also, lies the hinder of the two valve- 
approximating muscles, ia the motasoma (fitru = after). 

(fc) Digestion. — The food of the iVlussel is organic. For 
the most part it consists of the lower water-plants and of 
Infusoria. The food-supplies are brought to it by currents 
of water that are constantly setting in through the opening 
between the two valve^t below and between the thickened 
lower edges of the raantle-lobes. The cause and the course 
of this water-current will be considered under Kespiration. 
Id the present connexion it ia enough to say that with it 
food-material is brought, and by it the food-material ia 
carried up to the mouth, and exurementitioua products 
washed away from the anal region. The mouth ia in the 
middle vertical line of the body, and lies at the anterior 
broad end of the animal, near the dorsal surface. It ia 
below and before the anterior of the two large shell- musclea, 
and is immediately above the foot. It opens into an ceao- 
phaguB or gullet that passes under the muscle, and is short 
and wide. This ceaophagus leads into a squarbh stomach, 
and from the stomach the intestine follows a tortuous course 
ia the foot of the Mussel. After leaving the stomach it 
passes downwards, then turns up again until it nearly reaches 
the dorsal or upper edge of the foot, again runs down into 
that organ, again turns up to the region fA VNva \a«.\V., w^%. 
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(c) ^iM)7i<i(H». — The dif«<ted food i$ Absorbed Ij tb« 
Uood-TCaBels thsl sre j»cs«iii to Ur^e oambers in the walls 
nS tbe alimentary canaL This is a considerable 5tep in the 
•lirectJon of complexitv. For in all tbe animals studied 
liilberto, whenever ao^ absorption did lake place, it was of 
a very simple order. Large surfaces — such as the lining of 
ilie btidy-ca*ity of the Sea-Aueinone — performed the fnnc- 
lioD. But here in the MtL'sel, ibe digesied lood is taken up 
liy definite vessels in the walls of the intestine. The vessels 
lire not wholly set aptirt for the fuuclioa of absorption ; for 
they carry blood also. Yet they are vessels performing 
more or less completely the function of taking up the 
digextod food. 

(li) Circulalion.—{l) The blood. Colorless, without red 
i^urpuicles. But the while are present in tar^e quantity, 
and are of the same nature as those of man, exhibiting con- 
Hideruble amcGbolU mnvementa. ^ 

{'i) Tbe orgHiia. Here for the first time we meet with a 
lioitrt, t'.e,, a pulsatile central orgun driving the blood through 
II more or less complete syetem of vessels. The heart lies 
] the poi-terior half of the body, aud upon the dorsal aspect 
I the middle line. Actually in the middle line is one of 
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its cavities. Tho other two tie, one on each side, to the 
right and left. The median cavity is the ventricle. The 
two Bide cavities are tho two auricles. The auricles open 
iDto the ventricle, and the lips of the two openings are so 
uranged as to allow the passage of blood from the auricles 
to the ventricle, but not to allow a Qow in the opposite 
direction. This heart, with its oval ventricle and iL4 two 
pyramidal auricles ia wholly surrouaded by an ouclosing 
vessel called the pericardium (KapSiu=heart). The student 
of human physiology must be careful not to regard this 
pericardium as resembling the pericardium of the human 
heart in anything more than name and, roughly, position. 
lis function and structure are by no means the same as the 
function and structure of the pericardium of our heart. For 
this latter is a membrane that envelops the heart, and no 
blood passes through it on the way to that organ. But the 
pericardium of the Mussel is a vessel within which the heart 
lies, and through which the blood returning from the body 
passes on its way to the central organ. 

From the ventricle two vessels are given off. One runs 
forwards above the alimentary canal : the other backwards 
beneath the alimentary caual. They are the two aortffi, 
anterior and posterior. Each gives off branches to the 
various organs of the body. These branches are arteries, 
for an artery is a vessel carrying blood ceotrifugally, I'.f., 
from the heart to the organs of the body. Tbe.~e primary 
arteries divide into many others, and at last the blood is no 
longer contained within arteries, or indeed within distinct 
vessels of any kind. It is found to bo passing through 
lacunar spaces. In all the animals without bnckbones, in 
all Invertebrata, the sy^^tem of vessels through which the 
blood passes is thus incomplete. The finely divided blood- 
vessels of the Vcrtebrata are in the lower animals repre- 
sented by spaces or channels in the body organs that are 
not limited by any definite membrane. If I may use the 
phrase, the blood soaks through the tissues and organs. 
Ultimately, after passing through the lacunar spaces of the 
body, the blood gathers itself together from all parts into 
one large vessel that lies in the middle line of the body, 
below the pericardium and heart, and between the two 
important dark organs that are regarded as renal (rm -^ 
Udney), and are known aa the org&OH (iS'Bo\aKoa, 'Ww* 
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median Tceael, receptacle of all the nsed-ap blood of the bodj, 
in the reoons siQas or Tens cava. Thence the blood flow», 
right and left, throagh the organs of Bojanns to the respira- 
tory orgaiM. From these it rettints to the pericardium, 
ftod then throngh certain openiogs enters the two auricles 
and so to the ventricle, the aortx, and the bodj generally. 
In the floor of the pericardium are small apertures that put 
the cavity of that organ into communication with the vena 
cava. To sum up, the course of the circulation in the 
Mussel is as followB. Veotricle, aortse, arteries, their divi- 
sions, lacunar spaces, vena cava, organ of Bojantui, gills, 
vessels to pericardium, pericardium, auricle, ventricle a^ain. 
(f.) ReKpiration. — By gills or branchiai. A gill is aa ex- 
ternal organ that helps in the breathing of air dissolved in 
waler. The gills of the Mussel are four io number, two on 
each side of the body, an inner and an outer. They hang 
down between and parallel to the two lobes of the mantle, 
nhilst between the right and left inner gill depends the 
median foot. To the space enclosed between the two 
maotle-lobei', the space within which the gills and the foot 
hang, the name of branchial or gill chamber is often giveD. 
In some of the allies of the Mussel the margins of this 
chamber are extended forwards as a kind of tube, the ventral 
syphon. The water used in respiration cornea into this 
chamber from below. The inhalent current, therefore, eefs 
in from below ; the exhalent sets out on the dorsul region 
from the cloacal chamber. We shall see directly how the 
water passes from the ventral side of the animal to the 
dorsal. Each of the four gills is plate-like or lamellar 
(lamella ^ a pltite), and is double. It consists, in fact, of 
two plate-like dependent pieces that are joined at the lower 
border. The outer plate is of many vertical bars that run 
pAfnllel to each other, and are made up of many transverse 
rods. The inner plate is made up largely of vessels, and 
has many clefts in it. These clefts lead into the cavity of 
the gill, which is bounded laterally by the inner and by the 
outer plule. As the margins of each cleft are fringed with 
cilia working inwards, a steady current of water sets in 
through the clefts of the inner face of each of the four gilla 
into the cavity of each of the four gills. This cavity ia 
crossed at certain levels by imperfect partitions thai run 
frotn the inner side of the outer plate of the gill to Uie outer 
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side of tbe inDer. The four cavities of the gilla open above 
iolo the cloacal chamber, the floor of which, where it is 
complete, ia formed by the horizontal partition that joins 
the two inner gills with each other. The inner gills are 
joined anteriorly wilh the foot. But they extend further 
back than the foot. Tbe part of each of them posterior to 
that organ is joined with ila fellow by this horizontal 
partition. Hence tbe cnurse of the water used in respira- 
tion ia as follows. KnteriDg between the separated shell- 
mai^ns below, it passes between the thickened ventral 
edges of the mantle-lobes, up between tbe oiater and inner 
gill of each side, and also between the inner gill of each 
side and tbe foot. Hwept by the cilia that line the margins 
of the openings in the inner plate of each gill, it enters the 
gill-room. Traversing the whole vertical length of this 
room, tbe water emerges into the cloacal room above. 
Thence it passes out of tbe sbell-cavity on tbe middle line 
dorsally. 

[/) Secretion, — The separation of materials from the 
blood, to be used again in the body, or to be eliminated from 
the body, occurs in both forms in tbe Mussel. The organ 
that secretes a substance to be utilised is the liver. The 
organ that tecretea substances to be eliminated is the organ 
of Bojanus. 

The liver is in connexion with the stomach. It consists 
of many tubes, or follicles, that open directly into the 
stomach. Each tube is branched, and lined with a layer of 
brown epithelial cells. These cells are the probable 
secretors of the bile. They may be named tbe hepatic 
cells {hepar = liver), and are functionally in all probability 
akin to those of the Frog, described in the next chapter 
but one. The hepatic tubes, or follicles, are closed at tbe 
end remote from tbe stomach. The fluid secreted is pro- 
bably of use in digestion. 

The organs of Bojanus are two. They lie one upon 
each side of the vena cava, and immediately under the 
pericardium. Each presents above a thin, transparent 
membrane, below which lies a dark, pulpy-looking part, 
presenting a quantity of soft tissue, much excavated by 
lacunar spaces, through which the blood flows. The upper 
membranous part is called the non-glaodnlar, and the lower, 
darker part, the glandular portion of the organ oC &ii\b.^m&. 
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<Jf tlie two, the glandular portion extends ratter furtber 
back thaD the non-glandular. The connexioos of this organ 
with other parta are very important. It comnmnicaiea with 
the pericardium and with the exterior. With the peri- 
cnrdium it is connecied through two bitimII oval openings at 
the extreme anterior end of the pericardium, just under the 
point where the intestine enters the pericardium upon its 
way to perforata the ventricle. By these openings the 
pericardium is put into communication with two channels 
that run along the glandular part of each organ. But this 
channel on each bide turns upwards after running some 
little distance, and ends in an opening upon the upper side 
of the glandular portion that puis the latter into communi- 
cation with the non-glandular part above. This latter 
opening is opporile the posterior end of the pericardium. 
Again, in the floor of the non-glandular part, at the front 
end, each organ of Bojanus h^s an aperture that leads 
into a channel running from the organ to the exterior. 
The external opening of this channel ia close to andjuat 
above the attachment of the inner gill of the particular aide 

There are, then, three sets of openings. From the peri- 
cardium into the glandular part of the organ of Bojanus. 
This opening is at the anterior end of the pericardium. 
From the glandular to the non-glandnlar. This opening is 
opposite the posterior end of the pericardium. From the 
non-glandular to the exterior. This opening is hard by 
and above the place where the body and the inner gilt 
conjoin anteriorly. 

{g) Nervous system. — Well-developed. Three pairs of 
ganglia, or nerve-swellings, exist. One pair are to be found 
on the dorsal side of the mouth, just at the base of the 
possibly tactile organs, called labial palpi. This pair are tbe 
cephalic (kei^oAi} = head). The Mu.°sel has no distinct 
head or part of the body specially devoted to the carrying 
of the sense organs. But as this pair of ganglia represent 
those met with in the heads of other animals, they are 
named cephalic. These supply nerve-cords to the anterior 
part of the mantle, the anterior of the two muscles that 
approximate the sliell-valves, the giUs, the labial palpi, and 
the mouth. A second pair, the pedal, are in the foot, and 
the two are so closely approximated in the middle lino of 
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tem as one. This paii' supply the 
□d ear. The third pair of ganglia 
are found upon the under face of the posterior adductor 
niujcle, and are knowo aa the parieto-iaplanchoic {parieit 
= wall, splanchna ^ iuternal organs'). They supply gene- 
rally the mantle and the viscera or internal organs. They give 
nerves to the gill'', to the middle and posterior parts of the 
iDaoile, to the posterior adductor, the heart and the rectum. 

The corda connecting these ganglia are all ia relation to 
the cephalic pair. They are ; — a cord or commissure joining 
the two cephalic, and passing in front of the mouth : two 
cords or commissures joining the cephalic with the pedal or 
foot ganglia : two cords connecting the cephalic with the 
parieto-fiplanchoic. These last run through the organ of 
Bojanus and under the pericardium. 

{h) Seiise orgam. — Close to the mouth, one on each aide, 
are two triangular flaps, called the labial palpi. Possibly 
these are tactile. 

In the foot are the auditory sacs. £ach of these auditory 
vesicles is a sac containiog fluid, and an otolith (an;, oto^ 
= ear, Aiflo! = stone). This ear-stone is ever trembling'. 
The walls of the sac are lined with epithelium that seems 
to be ciliated, and some of the cells appear to bear, in- 
stead of cilia, rod-like processes that remind us of the fibres 
of Corti in higher ears. Ilomologically, this ear of the 
Mussel would seem to be the vestibule of the ear of the 
Vertebrata. 

(ij Motor organs. — The chief muscles are those to which 
referaoce has been made so many times : the two that bring 
the valves of the shell nearer together. They are the ad- 
ductors (ad = to, duco = I draw). These run trauavereely 
across from one part of tiie shell to the other, perforating 
the animaL They are called respectively the anterior and 
posterior adductors. Besides these, two pairs of muscles 
serve to draw up the foot into the shell cavity after it has 
been protruded. These are the retractors (I'etraho = I 
draw back) of the foot. One pair of them, the anterior 
retractors, have origin from the valve of the shell upon 
each side immediately behind the point of attachment of the 
auterior adduclor. The other pair, the posterior retractors, 
take origin from the valve of the shell upon each side im- 
mediately in froDt of the posterior adductor. IVia Iwit 
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retractors are all inserted ioto the upper part of the foot 
Again, intrioEic muscles of tbe foot are kaowa, i.e., muscles 
wholly within thai organ. Lastly, the muscles of the 
itle joio the mantle-lobe of each si<le with the valre of 
the same side. Their Buccessive areas of attachment to the 
shell-valve form the pallial line. 

As to the histology of the muscles, we find a curioaa 
blending of the two structures that are respectively cha- 
racteristic of the two kinds of muscles known as volnntary, 
or under the control of the will, and involuntary, or not 
under the control of the will. The muaclea are made up of 
fibres that are of the eame shape as the iuvoluntarj' 
muscular fibres of man, i.e., are fusiform. But each fibre 
under a high power, is granular within, and presents 
particles arranged in trapsverse row^ that suggest the trans- 
verse stripes or strije of voluntary muscle, 

(i) Reproduction. — (1) Asexual or agamogenetlc reproduc- 
tion is no longer seen. Indeed, that method for reproducing 
the whole being is encountered only in the lower animals, 
though it is general in plants. A remnant of it is often 
preserved in the hiaher animals io their power of reproduc- 
ing certain parts of themselves ; but there is, I believe, no 
evidence as to the possession of even this power by the 
Mussel. 

(2) Gamogenesis. The Mussel is unlseitual, i.e., each 
individual is either male or female. Of whichever sex the 
Mussel may be, the organs, whether testes or ovaries, are 
two, are lodged in the foot, and are largest in the winter. 
The external opening is near that of the organ of Bojanus. 
From this opening a duct can be traced inwards, giving off 
many blind branches, that, subdividing, make the sexual 
gland a racemose gland (racemvs = a bunch of currants). 

The spermatozoa uE the mule are short, rod-like, each 
with one long cilium. These organs cast into the water 
around either meet therein the ova, or are carried to ihe 
genital opening of the female by currents. The ova or 
eggs of the female are round. They have germinal spot, 
germinal vesicle, vitellus or yolk, and a vitelline membrane 
or yolk membrane. This last, whilst it surrounds the yolk, 
is extended at one place into a short tube that ends in an 
opening, tbe micropyle. 

(0 Deaelopment. — After impregnation, the vitellus divides 
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into many cells. But the cella are not all of the same size. 
Half the divisiona of the yolk are larger thaa the other 
half, i.e., one aet of blastomercs are macromeres, and one 
fiet are mieromeres. These two kiuds of blastomeren 
multiply by division in the ease of the large ones, by 
gemmation in the case of the small. As the central blasto- 
meres return to the liquid state we have a hollow sphere, 
the bliLStosphere. The Mussel is oon of one layer of cells, 
half of the sphere being of macronieres, the other henii- 
aphere of mieromeres. Amongst the macromeres are two 
much larger than the rest. They may be called megisto- 
meree (fieyiaroi = largest). Presently the half of the sphere 
that is made up of the small cells is invaginated within the 
other half that is made up of large cells. So that the 
mieromeres constitute an inner layer or hypoblast, and the 
macromeres an outer loyer or epiblast. The two megistoraeres 
become enclosed between the hypo- and epiblast, and form 
the mesoblaet. 

From the epiblast, later on the ectoderm, are formed the 
following structures. The mantle. This appears as a dorsal 
patch with raised edges that extends downwards over the 
surface of the body, and is divided by a median furrow 
into two lobes. The shell. This is cuticular in ita origin, 
and is not at first divided into valves. The velum. A disc 
with ciliated edges that appears at the anterior end of the 
body. Upon it is a central tuft of cilia that are much 
longer than those on the edge. Two involutions of the 
ectoderm are also seen. One is anterior, the month ; the 
other is posterior, the byasus gland. The byssus is the 
threads that are best seen in the sea-water Mussel attaching 
the shell of the animal to rocks. These threads are secreted 
by a gland. Although the adult fresh-water Ikfussel has no 
byssus, the larval condition has this structure. The cephalic 
ganglia certainly, and the other nerve-ganglia probahly, 
originate from the epiblast. The first-named are developed 
from two ciliated processes that appear in front of the 
mouth. The foot is an outgrowth of the Mussel-body along 
its inferior face, behind the month. Possibly raesoblast 
enters into its composition together with the epiblast. This 
may also be true of the gills in their development. The 
first part of the gills apon each aide that is developed is the 
ODter plate of the inner gill. This la formed \rj \.\i«l\^u\&- 
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JDg of a nuniber of filameote or threads that ^ntv down- 
wards from the anterior pert of the mantle cavity, which is 
later on the gill- chamber, just at the point where the mantle 
and the mesosoma run into each other. These fllamenta 
multiply from before backwards, and join to form (he ouler 
lamina of this inner gill. The lower edge of this turns up 
on the aide nearer the middle line of the animal, and this 
upgrowth, extending higher and higher, becomes perforated, 
and forms the inner plate of the inner gill. This last in 
now complete. From the upper part of the filament- formed 
plate (the outer of the inner gill) other filaments grow 
downwards upon the outer side, or upon the aide that lies 
nearer to the ahell-Talse, and uniting form the inner plate 
of the outer gill of thiti aide. Finally, the outer lamina of 
this outer gill is formed from the inner one by an upgrowth 
similar to that which, originating from the outer plate of 
the inner gUl, formed the inner plate of this lout. 

The cgga are hatched in the gill-chambei-s, eepeciaHy that 
of the outer gill of each side, and the beings thus formed 
are very different in aepect from the adult Mussel. So 
different, are they that for a long time they had enotfacr 
name given to them, as they were thought to be parasites 
upon the Mussel. They wore called Glochidia. Each of 
them has a bivalve shell, hut the valves are triangular in 
shape. The two triangles are joined by their bases, and at 
the point of junction is an elastic hinge thnt keeps the 
valves apart below. The two apices of the valves are in- 
curved, with a serrate or saw-toothed point. The mantle 
is very thin and delicate. It has upon each lobe three 
papilla; ending in fine filaments. The mouth U wide, and 
its niargin ciliated. The foot is well- developed, and two 
fllamenlB are formed representing the byssus of the Sea- 
mufisel. After a time the Glochidia leave the gill-cavity 
of the parent, and usually affixing themselves to the tails 
of fish, undergo a metamorphosis that transforms them into 
the ordinary Mussel. 

In the growth of the shell during the advancing life of 
the Mussel, the increase in tbicbness is due to the deposition 
of the fresh layers within the old ones, and the increase in 
area is due to the extension of the new ones beyond the 
limits of the old. The top of the umbo represents the 
origiD&l ahell of the embryo. 
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{nij Classification, — Kingdom, Animalia. As the Mussel 
has a soft, external covering, the mantle, has gills, a shell, 
a foot, the sab-kingdom is MoUasca (mollis = soft). As 
the shell is bivalve, and the valves are placed laterally, as it 
has neither head nor teeth and iter gills are plate- like, it is 
of the class Lamellibranchiata. As there are two adductor 
muscles present, the order is Dimyaria (8ts=two, fivow-^ 
muscle). Genus, Anodonta. Species, Cygnoea. 

Practical Work. — (1) Draw the animal before it is 
killed, showing especially the external appearance of the 
shell-valve. (2) Draw the inner aspect of the shell, with 
especial reference to the muscular attachments. (3) After 
removal of one of the valves draw the side view of the 
muscle. (4) Turning up one of the mantle-lobes, draw the 
side-view as then shown. (5) Trace out the alimentary 
canal. (6) Dissect out pericardium, heart with its three 
cavities, the two aortae, the vena cava. (7) Examine gills 
with the unaided eye : then small pieces of each lamina 
under the low, and then under the high power. (8) 
Examine blood under microscope. (9) Seek for hepatic 
follicles. (10) Dissect out the organ of Bojanus, noticing 
the glandular or secretory, and the non-glandular or duct- 
regions with the apertures. (11) Find cephalic, pedal, 
parieto-splanchnic ganglia. Also the three commissures. 
(12) Dissect out labial palpL The ear is better found in 
certain other Lamellibranchiata, e,g. Cyclas. (18) Make 
out the adductors of the valves and the retractors of the 
foot. (14) Search in the foot for the sexual organs and 
products. (15) Study Glochidia. (16) Mark upon the 
exterior of the animaJ, after the valve has been removed, 
all the openings. 
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CHAPTER XIV. 
XIV. Ckay-Fibh and Lobbteb. 

Thk Cray-fisli will be taken as the type, and the dif- 
ferences between it and the Lobster will be pointed out. 

(a) Structure. — (1) Occurrence. The Cray-fiah most 
easy of access to the student are fouod in English rivers : 
the Lobster along the rocky coasts of European seas. 

(2) General structure. An exoskelcUtn is present, though 
it is of an aspect very different from that of the Mussel. 
The most noticeable part of this outside hard covering, that 
serves for prelection and the insertion of muscles, is that 
which is often called the shell, i.e., the lai^e shield-like 
covering that extends from the front of the body over the 
back and sides. This is the carapace. This carapace covers 
several of the many rings or divisions of which the body 
consists. These rings, segments, or somites, succeeding one 
another in linear order, fall into three sets : the head set, 
constituting the front of the body, the thorax set coming 
next, and the tail or abdomen set making the end of the 
animal. Of these three sets the first two (head and thorax) 
are covered by the carapace ; the third, or abdominal set, 
run from the termination of the carapace to the posterior 
end of the body. That two sets of somites, cephalic and 
thoracic, are covered by the carapace is evidenced by a 
curved line that runs across it, and separates a smaller head 
region from a larger thoracic. This line is the cervical 
suture {cervix = neck, satura = seam). It may be traced 
into continuity with a groove on each aide of the animal's 
body. This groove, separating head and thorax laterally, 
is the cervical groove. The somites of the head are six in 
number. This will be better understood when we study the 
appendages of the head. But the six somites of which the 
head is composed do not alt lie in the same plane. The 
mouth marks the region at which a difference of position 
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takes place. Thus, the segments in front of the month are 
all so jarranged as to look forwards. But the segments 
behind the mouth all look downwards. And this bend of 
the ventral aspect of the body is the cephalic Qesuro. The 
bead cairiea the mouth and sense-organs. The carapace 
has at its anterior end, in the middle line upon the dorsal 
region, a strong, serrated point, the frontal spine or rostrum. 

The thoracic Bomites, covered by the hinder part of the 
carapace, are eight in number. They carry the motor 
organs. They need to form a firm support for those limbs, 
and are so conjoined as to make practically one strong bos 
to which the limbs are affixed. In the Cray-fish the eighth 
thoracic segment is not ankylosed to the rest. In the Lob- 
ster they are aU ankylosed together. 

The abdominal somites are not conjoined. They are sis 
in number and are freely movable one on the other, as they 
are connected by membrane. Each has a hard exoskeleton, 
but the rings formed by this exoskeleton are joined together 
by membrane. To the sixth somite ie attached an organ 
sometimes regarded as a seventh. It is better considered as 
an extension of the last, or sixth, abdominal segment. This 
is a fiat plate wilh a transverse groove, dividing it into two 
parts in the Cray-flsh. No such groove is to be seen in the 
Lobster. This appendage, cariying no side-limbs, is called 
the telsoo. It is a prolongation of the dorsal surface of the 
sixth abdominal somite in tbe middle line. 

The parte of a typical somite are well seen in the third 
or fourth abdominal. After studying either of these, it 
should be compared with each of tbe other nineteen. A 
typical somite is arched dorsally, flat ventrally. The arched 
dorsal part is the tergum (back). The anterior part of the 
tergum is smooth, and runs over the rough posterior part of 
the tergum of the somite in front. The sides of the somite 
are formed by the two pleura (ribs). These run downwards 
from the tergum, and join the external part of the ventral 
aspect of each somite on each side. This external part of the 
ventral aspect of the somite is limited externally by the 
pleuron, internally by the point of attachment of the appen- 
dage of the side under consideration. This point, when the 
appendage has been removed, is a hole. The epimera 
(i7ri = upon, ^cpai'=part), or external portions of the ventral 
region of the somite, lie between the pleura &adl\i% t«,^oo». 



r 
I 



GENERAL BIOLOQT. 

of attachment of the limbs. Finally, the part of the ventral 
region of the somite that liea betweea the two appendages 
is the sternum (breast-booe). Tracing the somite roaad 
from the top, we have then the tergum, pleuron, epimeron, 
attachment of an appendage, sternum, attachment of the 
other appendage, the other epimeroa and pleuron, the ter- 
gum again. 

(i) Digestion. — The food is organic and animal. The 
Cray-fish will feed upon living or dead animal matter, even 
if either of these takes the form of a bi'other Cray-fish. 
The wide month is on the nsder side of the head, just 
hehind the cephalic flexure. It is bounded above by the 
labrum, or upper lip, shield-shaped, soft, but with calcare- 
ous plates in each lateral half : below, by the metastoma 
(/idd :^ after, aTio/ia = mouth). This also Is soft, and 
divided iuto two lateral lobes, each with two calcareou.s 
plates, while between them is an oval process with bristles 
at its end. Labrum and metastoma are extensions of the 
sterna of the two somites that bound the mouth in front and 
behind. The side bouudaries of the oval aperture ore six 
pairs of appendages. The mandibles (majtdt>~I eat) are 
strong, and toothed on the inoer edge. This inner edge is 
double. The two parts are separated by a deep excavation, 
To the anterior edge is attached an extension, tlie maodi- 
bular palpus. The outer edge is concave, and the posterior 
has inserted id it the tendon of the muscle which approxi- 
mates the mandibles. If we think of the four margins of the 
mandibles, the front, inner side, back, outer side in succes- 
sion, we shall find that the front has attached to it the 
palpua, the inoer has the excavation and the double row of 
teeth, the posterior has the muscle- insertion, the outer is 
concave. The second and third lateral boundaries are the 
maxillx, lateral jaws like the mandibles, but not toothed 
and DOt nearly so powerful. The maxilla; are leafy or 
foHsceous, and to the second pair are attached the organs 
that play an important part in respiration. The fourth, 
tifth, sixth of the pairs of moulh appendages are the feet- 
jaws, or maxillipedes, that combine the nature of the feet 
with that of jaws. They are really the homologues of the 
three pairs of legs of Insecta. Each has a basal joint next 
the body with three processes projecting from it. Tljc 
basal joint is the protopodite ; the internal one of the 
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three processes, i.e., the one nearest the middle line of the 
body, is the eodopodite ; the middle, the exopodite ; the 
external, the epipodile. Structurally, they are intermediate 
between the jaws just described and the walking tegs. 
These, then, are the boundaries of the mouth : the labrum 
above, the metastoma below, the mandibles, two pairs of 
maxillce, three pairs of feet-jaws at the sides. 

The wide mouth leads into a wide ossophag'UB, runniug up 
and back, and with plaited walls. This opens into a large 
stomach, extending forward.'! and backwards. It presents 
two divisions ; an anterior larger, the cardiac, a posterior 
smaller, the pyloric. The aoterior half of the cardia 
divistoD is membranous and ciliated internally. Ou the 
walls of the posterior half, and of the pyloric part, is the 
calcareous gastric skeleton. This presents a T-shaped 
piece, whose cross-bar, the cardiac plate, runs transveraoly 
across the cardiac part of the stomach, whibt the longi- 
tudinal bar, urocardiac (6vpa =tail), runs in the middle dorsal 
line as far back as the anterior part of the pyloric region, 
into whose cavity it projects. To the under side of the 
posterior end of this urocanliac ossicle are attached two car- 
diac teeth. Reverting to the transverse cardiac ossicle, from 
whose middle point the urocardiac runs backward.'^, we find 
two ossicles attached to ita ends right and left. These run- 
ning downward and slightly backwards, not in the middle 
line, are the antero-lateral or ptero-cardiac ossicles. With 
the lower hinder end of each is connected a large, long 
ossicle, the postero-Iateral or zygo-cardiac, that runs up 
and back, and joins in the roof of the anterior portion of 
the pyloric region a transverse bar, the pyloric ossicle. This 
is jointed ou with the longitudinal urocardiac by a prepyloric 
ossicle, that runs from the pyloric in the roof of the hinder 
part of the stomach down and back to the end of the uro- 
cardiac, in the cavity of that hinder part. The inner edges 
of the postero-Iateral ossicle, thickened and ridged, are the 
lateral cardiac teeth, and the prepyloric carries on its under 
end a urocardiac tooth. Henco results in the stomach a 
hexagon, whose anterior side in the cardiac ossicle, the 
posterior the pyloric ; the two lateral on each side are the 
ptero-cardiac in front, the zygo- cardiac behind. The 
hexagon is bisected longitudinally by the urocardiac. This, 
running further back than the pyloric, is owiawAfti. ■«\'05\ 'Avt 
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latter by the prepyloric running forwards and upwards. 
The eilges of the zygo-cardiac upon each eide are teeth. 
The urocardiac carries at the under side of its posterior 
end two loeth. The prepyloric carries one inferiorly, and 
the fiides and lower surface of the cardiac have let into 
them several plates carrying the infero-lateral cardiac teeth. 

The chief muecles concerned in moving this very complex 
apparatuB, and brioging its teeth together '■' with a clash," 
are four : an anterior pair, from the carapace in front to the 
cardiac roof : a posterior pair, from the carapace behind to 
the pyloric and zygo- cardiac ossicles. 

During spring and summer two calcareous plates, " the 
eyes," are in the side walls of the cardiac part. Arising 
from the inferior wall of the stomach, where the two parts 
join, is a large process that runs upwards, and is bilobed. 
The pyloric portion is ridged internally : these ridges delay 
the passage of the food. 

From the stomach passes the straight intestine. Its lirst, 
narrower, shorter part is smooth-walled, and gives off dorsally 
a closed tube. The second, wider, longer part, has internal 
ridges and elevations. 

The anus is inferior, longitudinal, on the tclson. 

(e) Ahsorption. — As in Mussel. 

(li) Ciraulation. — The nearly colorless blood coagulates, 
and has white blood corpuscles that possess ondoplasts, and 
show amoaboid movements. 

The hcait is median, dorsal, just behind the stomach, and 
lies in a pericardium or blood-sinus. Six openings, witli 
valves opening inwards, lead from the pericardium to the 
heart. From before backwards these three pairs of aper- 
tui'es are dorsal, ventral, lateral. 

Six main arteries. One ophthalmic from the anterior, 
dorsal median part of the heart. Two antennary, from the 
anterior, dorsal, lateral region. Two hepatic, from the 
anterior, ventral, lateral region. One sternal, posterior. 
The ophtbalmic supplies the eyes and small antennae ; the 
antennary, the large antcnns ; the hepatic, the liver. The 
sternal has at its origin an expansion, the bulbus arteriosus, 
whence the superior abdominal arlary is given ofE to run 
along the dorsal surface of the intestine. The main artery, 
however, runs down, usually on the right of the intestine, 
gives off an inferior abdominal branch, and then pierces the 
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nerve-cord between the last but two and the last but one of 
the pairs of thoracic ganglia. It then divides into two 
branches that run respectively forwards and backwards be- 
tween the nerve-cord and the ventral surface. 

The arteries, dividing, end in lacunar spaces, the largest 
of which, the vena cava, is ventral and median. Thence the 
blood passes by lacunae to the gills, down the outer side, 
up the inner, through branchio-cardiac vessels to the peri- 
cardium. 

(e) Respiration, — By gills enclosed in a branchial chamber 
on each side bounded by the sides of the carapace, or 
branchiostegites. The gills are 18 pairs. Six are the 
modified epipodites of the somites 8 — 13, each with bran- 
chial filaments on the anterior edge. Twelve are attached 
to the epimera of somites 8 — 14. Segments 8 and 14 carry 
one gill on each side ; segments 9 — 13 carry two. Each of 
these twelve is a central, longitudinal stem, giving off fila- 
ments on each side. A scoop-shaped sweep, the scapho- 
gnathite (o-Ka<^os=boat, 7^0^09= jaw), attached, to the second 
maxilla of each side, is constantly sweeping away water 
from the front of the gill-room, and causing indirectly a 
flow in at the back. 

(/) Secretion. — (1) Liver. A double organ. Each half 
lies by the side of the stomach, is soft, yellow, elongated, 
bilobed, of many blind, branched tubes, lined with epithelium 
cells, and has a duct opening into the alimentary canal just 
where stomach and intestine join. 

(2) Green glands. Under the anterior part of the cara- 
pace, right and left. Each has a cortical region of many 
caeca, and a medullary of many canals. The caeca open 
into the canals, and the canals into a common canal, ending 
in a duct opening on the inner side of a conical eminence 
on the under side of the basal joint of the antenna. Possibly 
the green glands are renal, and the caeca are the agents in 
separating the nitrogenous products of decay from the 
blood. 

(g) Nervous system, — (1) Chain of ganglia. In the median 
line of the body are thirteen nerve- swellings connected by 
cords. They all lie in the same vertical plane, like the 
ganglia of the Mussel. The first pair is dorsal, and at a 
higher level than the rest, like the cephalic and parieto- 
splanchnic of the Mussel. The other VweiW^ «t^N«OL\x^. 
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-or scaphocerite, a long, many-joiuted endopodite, of iHcMo- 
mero- carpo- pro- cerite. The last is of many pieces. 

(2) 0/ smell. Seue on exopodite of aatennule. 

(3) Of hearing. On the upper surface of the proximal 
joiat of the aatonaule, amoog a number of hair-tufts, ie an 
opening leading into the auditory eac. The sac's wall lias 
gritty matter (otolithic), a ridge with hairs dilated at the 
base, pigmented epithelium cells. The sac's ooutents are 
fluid, with otoliths of flint (Si 0"). The haira seem to be in 
contact with these otoliths, and branches of the auditory 
nerve reach their bases. The whole ear is the homologue 
of the Frog's vestibule. 

(4) Of sight. The eyes, on stalks or peduncles, called 
opbthalmiles, belong to the first somite. The peduncle is 
of two pieces, the basi- and pod-ophthalmite. Each eye is 
compound. The traoaluceDt, iategamental cornea in front 
is divided into many nearly squiire facets. Consider oae 
facet only. Immediately behind it ties a fine, granular 
layer, then a long, transparent, crystalline cone, then a 
slender rod, the connective rod, then a fusiform rod 
transversely marked, the striated body. The many striated 
bodies all perforate a membrane, and end in the optic 
ganglion, or dilated end of the optic nerve. Each divisioo 
of the compound eye then consists of a corneal facet, a fine 
granular layer, a crystalline cone, a connective rod, a striated 
spindle. The membrane, ganglion, nerve, are common to 
all. A pigment membrane separates each division of the 
eye from its fellow. Probably the eye is homologous with 
the retina of the Frog. 

(i) Motor orgmis. — Each somite of the body has its 
appendages. These will now be enumerated, and the motor 
ones will then be studied in detail. 

Body Somite, Itegion Somite. Appendsgc.e. 

1 Head ... 1 Eyes. 

2 „ ... 2 Antennules. 

3 „ ... 3 Antennce. 

I 4 „ ... 4 Mandibles. 

M. 5 , ... 5 IstMasills. 

B « „ ... 6 2nd „ 

p 7 Thorax ... 1 Ist MaxUlipedes. 
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Appendages. 
, Forcepe Limba. 
. 1st Chelate Limbs. 



7 iBt Pointed Limbs. 

8 2nd „ 

1 Ist Swimmerets. 

2nd 



. 3rd 
. 4th 



, 6th 
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Each of these appendages has typically a protopodite of two 
joints, and endo- exo- and epipodite, as in the maxillipedee. 

Thoracic limbs, 1, 2. 3, are feet-jaws (v. s.). 1. Pro- 
topodite of one short, thick joint; endopodite, flat, leafy, 
many- jointed ; exopodile, long, slender, many-jointed ; epi- 
podite, curved, long, plate-like. 2. Endopodite, stouter, less 
leafy ; epipodite carries a gill. 3. As last, but endopodite 
still stronger and less leafy. 4, Claws, Protopodite of 
coxo- and basi-podite ; endopodite of isehio- mero- carpo- 
pro-podite, the last so elongated that its inner upper comer 
is opposite to the terminal division of the endopodila or 
daclylopodite ; exopodite wanting ; epipodite carries a gill. 
5 — 8, as last, save in size and termination. 

Abdominal limbs. 1 — 6 are swimmerets. Protopodiles of 
two joints. Endo- and exo-padites present generally ; en- 
dopodite wanting in 1 of female, rolled upon itself in 1 of 
male, in 2 of male long and rolled upon itself ; exopodite, in 
1 of female concave at end on inner side ; no epipodit«s. 
The tail-fin is formed by the telson and the last pair of 
appendages. 

The muscles are intrinsic. The byssus is represented by 
a tuft of threads on the coxopodite of the appendages of the 
9th — 14th, body segments. 

(k) R^oduction. — fl) Agamogenesis, unknown. Parts 
of the animal if removed may he restored. 

(2) Gamogenesis. Unisexual. rS Testis yellow, lying- 
behind stomach and under heart. Of three lobes, two 
lateral and aoterior in contact with eaeh other, a third 
niedian and posterior. Each lobe is of many small, blind 
tubes, opening into a central duct. Within the ccecal tubes 
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are formed motionless spermatozoa, each a cell with ao en- 
doplast and many radiating procesBes. Tho vas deferens of 
each aide commences at the junction of the posterior eingle 
lobe with the lateral, widens, hecomes convoluted, and 
ends on the coxopodite of the last thoracic somite. The sper- 
matozoa aggregate in masses, each of which is surrounded 
by a coat, secreted bj the wall of the duct, and each mass is a 
spermatopbore. The traosference of the spermatophoros to 
the female is effected hy the appendages of the first and 
second abdominal somites, 

$ The ovary in color and shape and position resembles 
the testis. It is, however, a central single sac, with three 
extensions, two anterior, lateral, one posterior, median. 
The ova are developed from the cells, forming the internal 
lining of the organ. The oviduetfl are short, wide, not con- 
voluted. Their openings are on the coxopodites of the last 
thoracic appendage but two. Impregnation occurs within 
the mother, and the eggs acquire a viscid coat, produced 
at one point into a stalk, by which the egg is attached to 
the hairs of the swimmerets. 

(I) Development. — The egg has the usual parts, and after 
impregnation part of it segments, forming macromeres and 
micromeres. The former are invaginated within the latter, 
and form the hypoblast containing the vitellus, as in a sac. 
From this sac, intestine, and livor, but not stomach, are 
formed. The vitellus is gradually absorbed, and the blas' 
toderm, with its usual three layers, invests the yolk as a 
large disc. Anteriorly, the disk widens, and presents two 
lobes, the procephalic. The side edges of the blastodermic 
disc thicken and rise into a fold. Certain median and 
lateral thickenings appear on the disc. A median one in 
front becomes the labrum. A median one is developed pos- 
teriorly, and turns forwards under the rest of the embryonic 
disc. This is the tboracico- abdominal process, Froin it 
the abdomen and part or whole of the thorax are formed. 
Of the transverse thickenings, the three first pairs developed 
are the antennules, antenoce, mandibles. Then appear the 
eyes, anus, and mouth, and more transverse thickenings re- 
presenting both pairs of maxilla;, three pairs of maxillipedes, 
five pairs of feet. Of these appendages, only the feet and 
the last of the maxillipedes are attached to the thoracico- 
abdominal process. This last straightens oat^ «&& \% «.v 
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length ID the same line of direction as that of the rest of 
the body. 

Each appeodage ie at first a ridge, then a plate, free at the 
distal end, and dividing (except in the eyeetalks Eutd mandi- 
bles) into an inner part (endopodite), and an outer, gene- 
rally sub-divided (exo- and epi-podite). 

The cerebral ganglia and circum-cesophageal corda appear 
as a ridge upon each side of the <£sophagua, the anterior 
portion becoming the ganglia, the posterior the commissure. 
The cerebral ganglia are at first two on each aide, the 
posterior and larger probably representing two conjoined. 
Thus we slionld have three pairs above the ccsophagus, cor- 
responding with the eyes, antenoules, antennie. The 
6ub-(csophageal ganglia are at iirst eleven (supplying jaws 
and feet). The first four join : the next two join : the 
tvro compound ganglia of each side thus formed then join 
to form the Luge first sub-cesophageal ganglia. The rest 
of the thoracic, and all the abdominal ganglia remain 
separate. 

The genital glands develop later, the ducts forming centri- 
fugally. They do not reach the exterior, and the copulatory 
appendages of the first two abdominal somites are not 
developed until some time after birth. 

Ecdysis (ckSuui =^ I cast off) or casting of the chltinous 
integument occurs, 

(m) ClmsificatioTt, — Kingdom, Animatia. As the Cray- 
fish has a succession of somites, all built upon the same 
plan, a systemic heart and nerve -ganglia, chiefly on the 
ventral surface with the first ganglia supra- and first com- 
missure circum-eesophageal, the sub-kingdom is Anuulosa 
{annulus = ring). As the somites are twenty, and the 
respiratory organs are gills, the class is Crustacea. As 
the ambulatory limbs are ten, and the eyes are on stalks 
the order is Decapoda (ten-footed), or Podopfathalmia 
(stalked- eyed). Genus, Aatacus. Species, fluviaUlis. 

Practical Wokk. — (I) Draw side view. (2) Remove 
carapace, and show its markings. (•)) Study exoskeleton 
of one somite, say the third abdominal, marking all its 
parts. (4) Remove telson, (5) Insert bristle in month. 
(6) Remove mandibles, maxiUes (two pairs), maxillipedes 
(three pairs). (7) Dissect out alimentaiy canal. (8) 
Remove gafitric armature. (9) Demonstrate anus. (10) 
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Difisect out pericardium, heart, arteries. (11) Microscopic 
investigation of blood. (12) Structure of a gill. (13) 
Scaphognathite. (14) Dissect out liver: show connexion 
with alimentary canaL (15) Green glands and ducts. (16) 
Whole of nervous system. (17) Remove antennules and 
antennae. (18) The ear. (19) Longitudinal section of 
eye. (20) Remove every pair of appendages. (21) Name 
divisions of every one of them. (22) Dissect out ovary 
or testis. (28) Microscopic examination of ovum. (24) 
Trace out ducts. (25) Demonstrate openings. 



The Lobster differs from the Cray-fish in the following 
points: — 

(a) It occurs in rocky seas. Last thoracic somite, and 
last but one ankylosed : carapace has no line marking off 
last thoracic somite externally. 

(b) Intestine smooth : dorsal coecum near end of rectum. 
(l) Testes tubular. The two long tubes lie in thorax 

and abdomen. One-fourth of whole length from front 
end a transverse branch joins them. Posteriorly, they 
meet in the median line. Vas deferens arises about middle 
of tube, is not convoluted, but dilated. Spermatozoa are 
long cells with three processes at one end. Ovaries 
like testes, but black, and in contact at anterior ends. Ovi- 
duct arises at middle of tube. 

(m) Metamorphosis. The egg produces a larva, the Zoea, 
with rounded carapace destitute of appendages : long 
thoracic exopodites : eyes large. 

(n) Genus, Homarus. Species, vulgaris. 
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CHAPTER XV. 
XV. Froo. 

(a) Strvctiire. — f 1) Occurrence. The common Frog of this 
country occurs in Scotland and Ireland, generally tn Europe, 
in Northern Africa, Northern Asia, Northern America. 

(2) General sCioicture. I shall consider the external 
appearance, the exoskoleton, the internal cavities, the eodo- 
ekeleton, the tissues. 

(a) External appearance. Tiie Frog has no neck, no 
tail. In his skin are color- patches, due to cells of variouB 
and of varying shapes, that contain pigment -granules. 

(^) Esoskeleton. None, save a horny prominence on the 
ioner margin of tlie sole of the foot, just at the base of the 
innermost toe. This is the tarsal tubercle (tarsus = ankle). 

(y) Intarnal cavities. On opening the body of a Frog 
a large somatic or body-cavity is found in which the chief 
organs lie. It is limited anteriorly by the neck, behind by 
the girdle for the support of the hind legs, below by muscular 
walls, above by the vertebral column. Lined throughout by 
a membraoe that is reflected over the various contained 
organs, and that represents the pleura or lung-covering 
membrane and the peritoneum or membrane enveloping the 
abdominal viscera of man, this cavity is called the pleuro- 
peritoneal. The organs contained in it will be considered 
in connexion with their respective functions. But certain 
yellow masses, looking like small fingers and made up of 
fat, must be montioued here, as they cannot be dealt with 
elsewhere. They are visible on each side of the large brown 
liver. A rudimentary muscular ingrowth of the wall of the 
cavity at its anterior region in frout of the lungs, and 
attached to the heart, is a diaphragm or paitition of a very 
rudimentary nature. Finally, when all the viscera are re- 
moved, calcareous crystals in little white masses are seen at , 
the tipper part of the cavity on each side of the vertebral I 
colnmn. In the head and back are two cavities, that wbich | 
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contains the brain aod that which lodges the spinal cord, 
that are practically one and the same, the narrow vertebral 
canal widening anteriorly into the larger brain-cavity. 

(8) Eodoskeleton. Partly cartilaginous or gristly, partly 
osseous or bony. The cartilage that precedes bone in the 
higher animals is in some parts of the Frog persistent, and 
is not replaced by osseous tissue. The cartilage lasts upon 
the free, inferior surfaces of the bodies of the vertehrtc, upon 
the ends of the transverse processes of those bones, and in 
the stemnm. A tissue yet older and more embryonic than 
cartilage persists in the bodies of the vertebra). There 
remnants of the notochord (see Development) are found. 
A considerable part of the skull is also cartilaginous, and is 
known as the chondro-cranium (xnv&po^ = cartilage). The 
jaw-Euspensorium, or part of the skull that sapporls the 
lower jaw and links it on to the rest of the cranium, is carti- 
laginous, and much of the lower jaw itself is also of carti- 
lage, known as Meckel's cartilage. 

The osseous skeleton of the Frog calls for special com- 
ment. It must be studied from a prepared specimen. To 
read an account of it without the actual bones before us is 
useless, and worse than useless. The names of the bones are 
tahidated, and then a few words upon certain special bones 
are added, (See page 126.) 

Alias — The foremost vertebra articulating with the skull. 
Cenirwn — The lower solid body of the vertebra. Articular 
processes — By these a vertebra joins its felldw before and 
behind. Uroslyle — The posterior, unsegmented part of the 
column. Xipkistemum — Posterior region. Sternum proper 
— Median region. Omosteiiium — Anterior region. Clavicle 
— Runs from omostemum outwards in front of precoracoid 
to join coracoid and scapula. Coraeoid proper — Behind the 
large foramen in the shoulder-girdle. Epicoracoiil — .A car- 
tilage lining the margin of the true coracoid where the 
latter meets its fellow. Precoracoid — In front of the fora- 
men. Seapuia — Forms most of the cavity for the head of 
the arm-hone. Radio-ulna — Represents the two bones of 
our fore-arm, the radius on the thumb side, the ulna on the 
little finger side. Ilium — Anterior, long. Ischium — Posterior, 
rounded. Pubis — Meets its fellow medially, ventrally, 
TibiO'Jlbula — Bepresents the two bones of our leg, the tibia 
the big toe side, the fibula on the little toe std». &£- 
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occipitaU'^Ctarj the two prominences or occipital condyles, 
that rest on the atlas. ParietO'frontah — Represent oar 
parietal, or side-bones of the skull, and our frontal, or fore- 
head bones, conjoined. Temporal — ^The *' temple " bone of 
man is here broken up into the pro-otic (?rpo = before, 
'ovs = ear), lodging the internal ear, the squamosal {squama 
= scale) corresponding with the flat, external part 6t out 
temporal, the pterygoid (wing-like) representing a process in 
man. Sphenethmoid — The human sphenoid, or wedge-shaped 
bone, conjoined with the ethmoid, or sieve-like bone, that 
forms the upper part of the partition between the two nasal 
cavities, their roof and part of their outer wall in man. Paro' 
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sphenoid — Dagger-Bbaped, median, basal; not represented in 
man. QuadraCO'jugal — The malleus, or first ossicle of 
hearing, and the cheek-booe of man. 

Id addition to these classified booes, the hjoid bone, or 
cartilage, representing the gill arches of the fish, is present. 

{() Histology. — Bone. — Of calcium phosphate principally, 
with some calcium carbonate and other salts. These to- 
gether constitnte about two-thirds of bone. The other one- 
third is animal matter in the form of gelatin. The hard 
tissue thus constitnted is arranged in cylinders around longi- 
tudinal canals containing blood-vessels. The bony cylinders 
are tamellat ; the longitudinal canals are Haversian canals. 
The lamelJie, concentric with a canal and with each other, 
are traversed by fine canaliculi, carrying the blood-fiuid 
from the vessel in the canal into the substance of the bone. 
Between the lamellie these canaliculi expand into larger, 
wider, broader spaces, the lacuna;. 

Fat or Adipoite Tissue. — Within the bone is marrow, or 
fat. This tissue, met with in other parts of the body, is of 
ronnded cells, containing oil, and held together by blood- 
vessels and connective tissue. 

Fibrous Tissue. — Covering the bone is a membrane, the 
periosteum. This is a fibrous meinbrane. The tendons and 
the subcutaneous bands are of fibrous tissue. Its elements 
are white, non-elastic, unbranched fibres, best seen in the 
white tendons in which muscles end, and destroyed by acetic 
acid ; yellow, elastic, branched fibres, best seen in the sufa- 
cutaneous bands, and unaffected by aoetic acid ; protoplasmic 
corpuscles. 

Cartilage. — The ends of the bones are coated with carti- 
lage. A matrix, structureless or graoutar, containing nucle- 
ated cells. 

Muscle. — The bones are clothed with voluntary, striated 

^IDIIBcle. These are of fibres. The fibre has an outer mem- 
Ittaue enclosing smaller fibres (flbriliEe). 
Nerve Tissue. — The muscles are supplied with nerve-fibres, 
Each nerve-fibre is of smaller fibres. The ultimate fibres 
have an outer membrane (primitive sheath) enclosing a fat- 
cylinder (medullary sheath), and within the latter an axis- 
cylinder. The nerve-fibres run into the apioal cord and 
brain, and these central organs contain many nerve-cells, 
large, granular, nucleated. 
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Epithelium, — All the structures are invested externally by 
tlie skin. The interaal lining of &11 organs is & tissue re- 
sembling the skin. The ^kin and this internal lining are 
epithelial membranes. They present superficially a layer of 
cells supported on a more deeply-placed basement membrane, 
resting in its turn on fibrous tissue, containing vessek and 
nerves. The epithelial tissues are distinguished by the 
nature of their cells. In squamous epithelium the cells are 
flat, e.y, skin (many layers forming stratified epithelium), 
pleuro- peritoneal membrane (one layer, simple epithelium). 
Columnar, e.g. cells long, nucleated lining of intestinal canai. 
Ciliated, e.g. cells rounded, nucleated, with cilia on their free 
edge lining respiratory tract. Spheroidal, e.g. cells round, 
secretory lining interior of glands. 

(b) Digestion. — Food. Organic, animal. The angle of 
the mouth extends beyond the eye. The recurved, pointed 
teeth are upon the vomers, premaxillffi, masdllte, not on the 
mandible. The parts of the alimentary canal are in succes- 
sion 1 cesophagus, an elongated stomach, with internal lon- 
gitudinal folds, an intestine presenting a narrow duodenum 
running parallel to the stomach, a narrow ileum, coiled, to 
the right, with interna! transverse folds, a broad colon, with 
a dUatation representing the ccccura of man, a rectum or 
cloaca, receiving also the reoEil and reproductive products and 
opening externally on the back. The intestine is slung up 
to the vertebral column by two parts of the pleuro -peritoneal 
membrane, that passing upon each side of the vertebral 
column superiorly are attached to the intestine below, and 
form thus the mesentery. 

(c) Abaoi'ption.—{l) Offood. Special vessels, the lacteala, 
commence blindly within elevations of the walls of the 
intestine, called ^^i. These absorb the digested food, and 
pour it into the blood system vid two ducts, that run up the 
body cavity, and enter the venous system close by the heart. 
The fluid contents of the lacteals are chyle. (2) Of unused 
blood. Blood poured out from the capillaries in the tissues, 
and not used by these, is abaorhed by a special set of vessels, 
the lymphatics, distribuled through the body generally. 
These empty theoiselves into the two thoracic ducts men- 
tioned above. The fluid they carry ie lymph, clearer than 
<!hyle, with less fat, with many amoeboid corpuscles. The lym- 
,phatic system baa many large dilatations. Thus between the 
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'two parts of tbe pie uro-perito Deal membraae that make the 
meseater^, beneath the skin and mthin the serous membraaes, 
«uch spaces occur. Two paira of contractile dilatations, called 
lymph -hearts, one anterior, near the transverse processes of 
the third vertebra, the other posterior, near the urostyle, put 
the absorbent system into coanexioa with that system of 
blood-vessels of which it i^ but a specialised portion. 

(d) Circulation. — (1) Blood. Of fluid serum and solid 
corpuscles. The corpuscles are white, (v. s.) ^^ m.m., and 
red. The red are oval, nucleated, j'^ ra.ra, (2) Organs. 
The heart, invested by the membraoous pericardium, has 
behind a sinus, in which the veins end ; above, two auricles, 
'the right conaected with the sinus venosus, the loft with the 
vessel returning the aerated blood from the lungs ; below, a 
single ventricle, ioto which both auricles open ; in front 
a bulbus arteriosus, communicating with the right, aaterior 
region of the ventricle. Between each of the two auricles 
and the one ventricle is a single fold, or valve, permitting 
the blood to flow from, the auricle to tbe ventricle, but not 
in the opposite direction. Between the bulbua and ventricle 
are three valves. The bulbns is at first simple (pylangium) : 
then (synaagium) partly divided by a longitudinal fold 
affixed superiorly to the dorsal wall of the bulbus, but free 
■inferiorly and ventrally. Three more valves occur at the 
junction of the pyl- and syu-angium. The synangium ia 
thus partly divided into right and left parts. From the 
left leads ofli a passage to the two arteries that carry blood 
to the luags (pulmonary). From the right, the arteries to 
■the body generally (aortse), and to the head (carotid) pass. 
A table of the chief arteries and chief veins follows. 
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UB blood from the body 
' the right auricle. The 
arterial blood from the lungs, returning by the pulmonary 
veins, passes to the left auricle. Both auricles open into the 
ventricle. As the bulbus arteriosus is attached to the right 
region of the ventricle, the first blood that enters the bulbus 
as the ventricle contracts is venous. This flows through 
the pnlmo- cutaneous, or posterior arch, to the lungs and 
skin. As the bulbus coBtracts, the incomplete partition 
becomes temporarily complete, and the blood now flows 
up the right of the septum into the aortic, or middle arch.. 
This receives mixed blood from both auricles. Finally, ia 
the last stages of the veotriculiLr contraction, the good, left- 
fide blood that cannot pass into the respiratory vessels, as 
tbey are shut off by the partition, nor into the aortic, as 
they are full, passes into the carotid, or anterior arch, and' 
so to the head. Through arteries to their branches, to the 
capillaries, and the veins, the blood flows to the sinus 
veuosus again. 

{«) Respiration. — The lungs and the skin are respiratory 
organs. Air is taken into the lungs by an act akin to- 
swallowing. Passing in at the nostrils, through the mouth, 
down the very short trachea, or windpipe, it enters viA the- 
right or left bronchus into the right or left lung. Each 
lung is an elastic sac, partially divided by partitions, or 
septa, that are much more numerous in the anterior part of 
the organ. On the walls of the imperfect cavities thus 
formed, the pulmonary capDlaries full of venous blood 
ramify. This blood is thus brought into close relationship 
with the air, receives thence oxygen, and gives up to the air 
carbon dioxide and steam. A like exchange of gases takee- 
place at the general surface of the body. 

if) Secretion. — (1) Liver. A large gland of a right un- 
divided lobe and a left lobe divided into two. The right 
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aod left lobes are united by a bridge of li re r- structure 
doreally and anteriorly. The hepatic artery supplies the 
liver with art«rial blood. The veoa portae brings a special 
blood-supply that has already passed through the capillaries of 
certain viscera. The hepatic vein carries away the eSete blood 
from both these two vesaels. The hepatic duct coaveya tbft 
bile, that has been secreted by the nucleated hepatic cells 
that fiU up the spaccii betweeu the branches of tike vesaels, 
to the duodenuuTat some little distauce from the stomach. 
The bile, when digestion is DOt goiug oo, regurgitates from. 
the hepatic duct into the gall-bladder that lies ou the dorsal 
aspect of the right lobe of the liver. 

(2) Vascular glands. These are glands without ducts, but 
well-supplied with blood. They probably are manufacturers 
of blood, for the liquid in the veins that quit them is richer 
in corpuscles and ia serum -con tents than that in the arte- 
ries that enter them. The spleen to the left side of 
the somatic cavity, the adrenal bodies on the inferior or 
ventral face of the kidneys, the thymus behind the jaw 
suspensorium, the thyroid attached to the lingual vessels, the 
pineal and pituitary bodies connected with the brain are 
ductless or vascular glands. 

(3) Kidneys. Two, reddish, of many tubules, whose com- 
mencements are dilated, and contain a knot of blood- vessels > 
These tubules gather together into one common tube, the 
ureter, that passes from the outer edge of the kidney down- 
wards. The ureter opens into the posterior wall of the cloaca 
in the male, joins the oviduct ia the female. The urinary 
bladder opens into the cloaca at the anterior wall of the 
latter. 

(4) Connected with the eyes are a Harderian gland just 
beneath one of the upper muscles of each eye, and an inter- 
ocular gland, spheroidal with small cells, opening on the skin. 

{5) The skin generaUy has many depressions, or casca, dis- 
tributed over its surface. 

(g) Nervous S>/sten. — (1) Sympathetic system. Ten 
pairs of ganglia lying in a double row on the ventral aspect 
of the vertebral column. The ganglia are connected with 
the spinal nerves and with the posterior cranial nerves. 
The sympathetic nerve-fibres pass from the ganglia to the 
blood-vessels, and probably indirectly regulate the diameter 
of these. 
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(3) Spinal Byatem. The EpiDBl canal lies within tbe 
vertebral columo ead'ing in the brain anteriorly, in a fine 
thread, the filam terminale, posteriorly. Two losgitndiDal 
groovee, in front and behind, divide it partially into two 
halveB, right and left. It is of white nervous matter (nerve- 
fibres) externally, of grey (nerve-cella) internally. Ten 
pairs of epinal nerves are given off, each with two roots. 
The inferior root contains only effereot or motor fibres ; the 
superior, which has a ganglion, only afferent or sensory 
fibres. The let pair of nerves are hypoglossal, and sapply 
the tongue. 2nd and 3rd form the plesus for the arm. 
4th-6th anpply body-wall. 7th-9th form the plesus for the 
leg. 10th supplies the posterior region of the body. 

(3) Craoial system. Within the skull, from behind for- 
wards, the brain presents — (u) Medulla oblongata, centre of 
special nerves connected with circulation and respiration. 
(13) Cerebellum, co-ordinator or grouper of muscular move- 
ments, (-y) Optic lobes, centres of sense of sight. (S) Tha- 
lami optici, centres of general sensory nerves. (<) Cerebral 
hemispheres, the lower parts of which represent the corpora 
striata of man, aud are centres of general motor nerves ; 
the upper parts are connected with intellectual functions, 
(f) Olfactory lobes, centres of sense of smell. Within the 
two cerebral hemispheres ore two cavities, the Ist and 
Bocond, or lateral ventricles ; between the two thalami optici 
is the 3rd ventricle ; above the medulla is the 4th. A table 
of the cranial nerves follows : — 



2 Optici 

8 Uotores Onutoniui. 
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fi AbdncentsB ... 
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'jAuditorii 

iGloMopharyngei 
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.Mascles of E;e 
f Superior obUqi 
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-^ { Hearing. 
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1 Larynx, oMef Vib-a Motor and Seniory. 



GENEBAi, BiOLoar. 13S 

(A) Sense Organs. — (1) Touch. The skin is well sup- 
plied with nerves. (2) Taste. The tongue, fixed in front 
to the manctible, free behiad, has elevatioDS or papillte, sap- 
plied with nerves. Some of the papillae are filiform or 
threadlike in shape, others fungiform or contracted at 
the base and broader at the free ead. (3) Smell. The 
anterior naroa or nostrils lead into two nasal eavitios 
lined with epithelium supplied by branches of the olfactory 
nerve. These nasal aacs open behind into the mouth close 
to the vomeriae teeth. (1) Hearing. The drum of the 
ear or membrana tjmpani is seen on the side of the head, 
flush with the surface of the skin. It is lined externally by 
skin, internally by mucous epithehum. Internally it is 
joined on to a slender bone, the columella, representative of 
our stapes. The inner end of this bone abuts on the carti- 
laginous periotic capsule. Within this capsule is a fluid 
(perilymph) in which lies the membranous labyrinth of 
three canab that open into a common sac, the vestibule. 
In the walls of the vestibule are otoliths, and branches of 
the auditory nerve are distributed over the walls of the 
membranous labyrinth. A fluid, the endolymph, fills the vesti- 
bule and canals. When the membrane of the tympanum is 
set vibrating fay sound-waves from without, the columella 
is moved, and its inner end, vibrating, sets in motion the 
endolymph, whose waves strike on the ends of the branches 
of the auditory nerve. The cavity between the membrane 
of the tympanum and the periotic capsule, a cavity tra- 
versed by the columella, is in communication with the throat 
by two wide passages, the Eustachian recesses. (5) Sight. 
Each eye has eight muscles, four straight, the upper, lower, in~ 
ternal,esteroal recti, two oblique, the upper and lower obliqui, 
one retractor of the eye, one for moving the lower eyelid. 
The lower eyelid is semi-transparent, and really represents 
the little red fold at the inner corner of our eye. The coats 
of the eye are three. Sclerotic, hard, cartilaginous, ex- 
ternal, protective. Choroid, delicate, vascular, pigmented, 
flattened in front to form the iris or colored part that is 
perforated centrally by a hole, the pupil, Ketina, internal, of 
many layers containing nerve-fibres, nerve-cells, rods and 
cones. This is the sensitive layer. The lenses are three. 
Aqueous, between the cornea, or transparent front part of 
the sclerotic, and the iris. Crystalline, bft^aai Vo.* ■^■wji.. 
Vitreous, Blling up the larger part oS \)aa ^o\s« "A 'Ooa e^''- 



^84 GEITERAI. BIOLOGY. 

(i) Motor organs. — Four legs moved by voluntary, striped 
muscles. There are do nails. The '■ big" toe, or hallos, ia 
the shortest. In the male, the skin upon the under surface 
of the thumb swells and secretes a viscid fluid at breeding- 

The vocal sacs open opposite the Eustachian receaaes 
upon the inner side of each half of the mandible. Two 
folds of the mucous membrane of the mouth at the upper 
part of the trachea form the glottis, and contain the two 
-arytenoid cartilages that join on to a laryn go -tracheal carti- 
lage, forming the wall of the larynx or voice organ. The 
vocal ligaments, whose vibration intensified by the vibration 
of the air in the Eustachian recesses gives rise to the voice, 
are two folds between those just mentioned. 

(t) Seproduclion.—Tbe Frog is unisexual. ? Two 
■ovaries, hollow, lamellar organs divided internally into 
many loculi. In the walla of these ovisacs are formed, and 
the ova are discharged into the interior of the organ. The 
■duct of each ovary is not in direct continuity ■with the organ. 
It begins between the attachment of the diaphragm to the 
pericardium and the liver. The long, convoluted duet be- 
comes dilated, thin, transparent below just before it opens 
upon the dorsal wall of the cloaca, i^ Two testes, solid, 
rounded yellow organs with pigment on the exterior. Each 
is of many tubes, each of whose epithelial lining-cells 
develops many linear spermatozoa. The tubes gather 
together into several vasa eiferentia that run into the kidney, 
whose ureter therefore is the passage, not only for the urine, 
but for the spermatozoa. Near the kidney, upon the outer 
eide of the tu'eter, is a gland-mass with many minute ducts 
that open into the ureter. This is the vesicula eemiualis. 
At the breeding time the swelling on the under surface of 
the thumb of the male becomes much enlarged, and secretes 
a viscid fluid, by which the animal adheres to the back of 
the female. As the latter lays the eggs, the male impreg- 
nates them. 

(() Development. — The egg is coated with a viscid albumen 
or " white " secreted by the oviduct, and swelling up in 
water. It has many germinal spots, and half the vitellus is 
pale, half opaque and colored. By the usual processes the 
gastrula stage is reached and the three layers of the epiblast 
formed. From the epiblast all epidermal structures and the 
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«erebro-Hpinal nerve-ceatrea are formed : from the hypo- 
blast all epithelial internal liniags : from the meaoblast all 
structures between the skin and epithelium. A groove along 
• one region, affecting the epiblaat and mesoblast, is the primi- 
tive trace ; its boundaries are the lamince doraales. The 
groove, closing over, becomes the spinal canal, traveiaing 
the centre of the spinal cord and forming the ventricles. Its 
vails are of epiblast, and from them are developed the brain 
•and spinal cord. In the thickness of its door appears the 
'Ootochord, a rod of tissue around which the centra of the 
Tertebrse that make up the backbone are developed. The 
meaoblast in the aide and inferior regions of the embryo 
splits into two concentric layers. The outer or parietal 
conjoins with the epiblast that lies on its exterior, and thus 
'is formed the aomatopleure or body wall. The inner or 
visceral conjoiiifi with the hypoblast that lies on its interior, 
and thus is formed the splanchnopleure, or wall of the 
intestinal canal. The cavity between the aomato- and 
Bplanchno-pleure is the somatic, and other organs are 
'formed by outgrowths of its internal lining. At the an- 
terior part of each side of the developing embryo thicken- 
'ings appear, and the somato-pleure between these thickened 
ridges thins away. Thus are formed the branchial arches 
-and branchial clefts. The first arch is the half of the lower 
jaw on each side. 

"When the young animal quits the egg it is a tad- 
pole, or, in reality, a fish. The chief differences between 
the tadpole and frog will now be summarised under the 
usual heads, (a) Adhesive discs or suckers on the ventral 
Hurface behind the mouth. No osseous structures, (b) 
Food, vegetable. Mouth with a horny beak : no teeth. 
Intestine relatively much longer than in the adult, (c) — 
(d) Only one auricle receiving venous blood from the body. 
The bulbus arteriosus gives off three pairs of vessels, but eiII 
go directly to the gills. The six returning vessels, bringing 
back ai^rat^d blood from the gills, all unite into one dorsal 
aorta, (e) At first three pairs of esternal gills on the 
branchial arches ; the branchial clefts open into the mouth. 
Later two folds of skin (opercula) grow over the external 
'.gills, leaving one opening on the left hand side of the throat. 
The external gills thus enclosed wither away, and internal 
formed on the parts of the branchial awibsava.- 
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mediately bounding each cleft. {/) — (g) — (h) The- 

lip has papilliE. (i^ At first there are no limbs, but a long, 
actiTe tail. Later the anterior limba, then the posterior 
appear, and the tail Tanisbe§. 

It will be easy for the student to sum up for bimself 
the changes undergone by each organ as the tadpole 
becomes a frog. The only difficulty may be as to the heurt 
and arteries. Each branchial artery, howerer, is conneciei) 
with the corresponding branchial vein by a vessel, the 
ductus botalli. As dcTelopmeut advances these ducts 
enlarge, and blood flows through them instead of passings 
out to the gills. Thus by degrees less and less blood goes to 
the gills, and these wither, whilst the three pairs of 
branchial arteries, of ductus botalli, and of branchial veins 
are transformed into the three arches of the adult bulbua 
arteriosus. 

(m) Classification. — Kingdom, Animalia. Aa the Frog- 
has a backbone, it is of the sub-kingdom, Yertebrata. 
Aa it undergoes a metamorphosia, the class is Amphibia. 
Without B tail, order, Anoura. Genus, Rana. Species, 
temporaria. 

Practical Wokk, — (1) Study all external openings, 
(2) The skeleton, (a) Histology of each tissue. (4) 
Make out teeth. (5) Parts of alimentary canal. (6)- 
Lymph-spaces. (7) Lymph-hearts. (8) Lymph under 
microscope. (9) Blood under microscope. (10) Parta of 
heart. (11) Dissection of arches of bulbua. (12) Of 
branches of aorta. (13) Of chief veins. (14) Circula- 
tion io capillaries under microscope, (15) Lungs. (16). 
Lobes of liver. (17) Its vessels. (18) Hepatic cells. 
(19) Relations of spleen, (20) Its histology. (21) Dis- 
section of kidneys, ureiera, and cloaca. (22) The sympa- 
thetic chain. (23) A spinal nerve. (24) The brain. (25> 
Papilla! of tongue. (26) Parts of ear. (27) Of eye. 
(28) Ovaries. (29) Their ducts. (30) Testes. (31) 0v8. 
(82) Segmentation of yolk. (33) The tadpole. 
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QUESTIONS IN GENERAL BIOLOGY. 
(/Vom the South Kensingtmi papers.) 

In what part of the body is the nerrous system of the 
Cray-fish or Lobster placed, and of what parts is it com- 
posed i* What are the chief uses of a nervous system? (See 
pages 117, 118, 62.) 

Describe the structure of any floweriog plant. In what 
part of the flower is the seed formed ? What events must 
take place before a flower "goes to seed"? (See pages 
85—87, 90, 91,94,95.) 

Describe the movements of a Fresh-water Polype, and 
explain how they are brought about. By what methods, 
natural and artificial, may the multiplication of these Polypes 
be effected? (See page 63 ; pages 63, 64.) 

What is the nature of the green film so often seen on 
trees and walls in damp situations ? Esplain the means by 
which such a film is enabled to spread and increase as 
rapidly as it does. What are the reasons for regarding it 
as a plant? (See pages 28, 31-32.) 

What is meant by a mycelium ? Describe the mycelium 
of Penicillium, and explain how it is formed and to what 
Btructures it gives rise ? (See pages 43, 46, 44 and 46.) 

What are fibro-vascular bundles ? Of what are tbey 
formed? What purposes do they serve ? (See pages 12, 
73, 76, 77.) 

Explain the manner in which a Fresh-water Mussel 
breathes. What happens when a Fresh-water Mussel is 
placed in water which has been thoroughly boiled and 
allowed to become cold ? (See page 104.) 

Describe the strncture and action of the heart, and the 
canse of the circulation in the Cray-fish or Lobster. (See 
page 116.) 

Explain the way in which a young plant of Chara grows 
into a large plant. In what respects is the mode of growth- 
of a leaf of Chara different from that of the stem or of a 
branch? (See pages .^.3, 58.) 

Of what various tissues is the leg of a Frog made up ?• 
I "What are their several uses? (See pages 127, \2&.\ 
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An Infusion of hay, if freely exposed to the air, speedily 
becomee turbid. What is the cauee of the turbidity ? By 
what simple esperiment may the turbidity be prevented, aad 
what does the success of the experiment show ? (See 
page 10.) 

Describe and explain the roanuer in which the bell 
animalcule obtains, swallows and digests its food. (See 
pages 36, 37.) 



ORIGINAL QUESTIONS. 

Point out the resemblances and differences between the 
iffhite-blood corpuEcIe and (a) the red-blood corpuscle, (b) 
Amccba. (See pages 17 — 22.) 

How is the feeding and how is the breathing of the 
-following living beings effected — Amoeba, SaccharomjceH, 
Vortioella? (See pages 19—21, 25, 26, 29, 30.) 

Where would you look for the spermatozoids of Chan? 
What is the ^eBui^ of their reaching 'he nucule ? (See 
pages 56 — .'iS.) 

What are the mesentery of the Sea-Anemone and that of 
the Frog ? What are the pericardium of Anodonta and that 
of Rana respectively ? (See pages 66, 124, 129, 103, 129.) 

Describe the parts met with in a Fern protfaallium. (See 
page 79.) 

Name and describe the chief histological elements in » 
flowering plant. (See pages 72, 73.) 

Compare the eye of a Cray-fish with that of a Frog. 
(Seepages 119, 1»3.) 

Enumerate the parts of the brain of a Frog with their 
possible fuDctions. (See page 132.) 



D. GLOSS AEY. 

IN.B. — Derivations are given in the texW] 

PAdB 

JLhoral, — The opposite end of the body to the month ... ... 69 

Adipose tissue. — Fatty tissue ... ... ... ... 127 

Adrenal bodies, — ^Vascnlar glands near kidney ... ... 181 

Adventitious, — ^Non>axillary buds ... ... ... •«. 34 

Adventitious, — Secondary roots ... ... ... ... 82 

Agamogenesis, — Asexual reproduction ... ... ... 1-5 

Anatropous, — ^Inverted ... ... ... ... ... 94 

Androecium. — Collection of stamens... ... ... ... 90 

Annulus. — ^Ring of sporangium ... ... ... ... 78 

Anther, — ^Upper part of stamen ... ... ... ... 90 

Antheridium. — Male organ of Oryptogamia ... ... 56, 79 

Antherozoids, — ^Fertilising agents in Oryptogamia ... 56, 79 

Archegonium, — ^Female organ of Oryptogamia ... 59, 79 

Ascospore, — Spore formed in anascus ... ... 27, 46, 48 

Ascus. — Spore case ... ... ... ... ... 46 

Atropous, — Erect ... ... . . ... ... 93 

AxicU. — ^Primary ... ... ... ... ... 82 

Axile, — Meeting in centre of ovary ... ... ... ... 92 

Axilla, — Angle between leaf and stem ... ... ... 51 

AxiUary, — ^In the angle between leaf and stem ... ... 84 

Axis-cylinder, — Oentral, essential past of nerve-fibre ... ... 127 

.Basicerite, — Second joint of antenna ... ... ... 118 

Basiophthalmite, — First joint of eye-stalk ... ... ... 119 

■Basipodite, — Second joint of claws ... ... ... ... 120 

■Biology. — The study of living things ... ... ... 7 

BisexuaL — With both sexes in the same individual ... ... 55 

BranchioR.—QtiWA ... ... ... ... 104, 117 

Branchiostegite. — The side of the shell, covering gills ... ... 117 

Bronchus. — Division of trachea ... ... ... ... 130 

Calyptrogen. — Outermost layer of meristem ... ... ... 96 

Ca/yar.--Outermost whorl of complete flower... ... ... 86 

Campylotropous, — Horse-shoe shaped ... ... ... 94 

Capitella, — Small cells or capitulum ... ... ... 57 

Capittdum. — Oell at inner end of manubrium ... ... 67 

Carapace. — Shell of Orayfish ... ... ... ... 112 

Carpels. — Female organs of flower ... ... ... 90, 93 

Ozrpoccrtte.— Third joint of endopodite of antenna .., — Via 

'Carpopodite, — Third joint of endopodite ol cVa^ ... ... ^^^ 
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CiU. — Nnoleated protoplasm sarronnded by a membrane ... S^ 

Cellulose, — The substance of the vegetable cell wall ... ... 24 

Chalaza, — Point of union of podosperm and seed-coats ... 9^ 

Chlorophyll, — Green color-matter of plants ... ... 29, 52, 69 

Choroid. — ^Pigment coat of eye ... ... ... ... 188 

Chromatophores, — Eye spots ... ... ... ... 68 

Chyle, — Fluid in lacteals ... ... ... ... ... 128 

Cirnnate. — Coiled at apex ... ... ... ... 79- 

Cloaca, — The last region of the alimentary canal when renal or 

genital products also traverse it ... ... ... 102 

Columella, — ^Extension of hypha into an ascus ... 47, 49* 

Columella, — The bone of the middle ear ... ... ... 188= 

Conidia. — Naked spores of Penicillium ... ... ... 46 

Conidiophores, — Hyphse carrying conidia ... ... ... 46 

Connective. — Median portion of anther ... ... ... 92* 

Cornea, — Transparent, anterior part of sclerotic ... ... 138 

Corolla, — Second whorl of complete flower ... ... ... 97 

Corona. — Tip-cells of spiral outer layer of archegonium ... 66 

Cotyledons, — ^Embryo leaves ... ... ... ... 96- 

Coxocerite, — First joint of basal part of antenna ... ... 118 

Coxopodite, — First joint of basal part of claw ... ... 120 

Craspedum, — Thickened edge of free part of mesentery ... 67 

Crystalline lens. — Ohief lens of eye ... ... ... ... 188^ 

Cuticle, — Outer layer of Infusoria ... ... ... ... 85 

Cytod, — Protoplasm non-nucleated, surrounded by a membrane 11, 24 

Dactyhpodite. — Terminal joint of endopodite of claw ... ... 120 

Dehiscence. — Opening, of anthers, or of fruit ... ... ... 92* 

Dermatogen. — Second layer of primary meristem of root ... 9& 

Diaphane, — Cortical layer of Infusoria ... ... ... 85- 

Diaphragm, — Muscular partition across body cavity of Yertebrata 124 

Ecdysis, — Moulting of shell ... ... ... ... 122" 

Ectoderm. — Outer layer of body- wall of Coelenterata ... ... 59 

Ectosarc. — Outer layer of protoplasm ... ... ... 19 

Endoderm, — Inner layer of body-wall of Coelenterata ... ... 69* 

Endoplast. — Protoplasmic nucleus of cell ... ... 19, 85 

EndoplastuU. — Nucleolus... ... ... ... 19,85- 

Endopodite. — Internal process of protopodite ... ... 115- 

Endosarc, — Inner protoplasm of Amoeba ... ... ... 19 

Endospore, — Inner coat of spore ... ... ... 98, 48, 78 

Endothecium, — Inner coat of anther ... ... ... 92 

Enter occele. — A cavity partly somatic, partly gastric ... ... 67 

Epiblema, — Epidermis of root ... ... ... ... 82 

Eaipodite. — External process of protopodite ... ... ... 115 

Epithelium, — Internal and external lining ... ... ... 127 

Exopodite, — Middle process of protopodite ... ... ... 115 

Exospore. — Outer coat of spore ... ... ... 48, 78 

Exothecium. — Outer coat of anther ... ... ... ... 92 

.Ea:^in«.— Outer coat of pollen-grain ... ... ... 9S- 

Fibre, — An elongated, hard- walled cell ... ... ... 72 

J^ibrO'Vascular bundles,— Ot fibres and vessels ... 78, 84 
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Jf'ilconent, — ^Lower part of Btamen ... ... ... ... 90 

JFission. — Splitting into two nearly equal parts ... 15, 81, 89, 64 

FoviUcu — Contents of pollen- grain ... ... ... ... 98 

Frond. — ^Leaf of Pern ... ... ... ... ... 75 

Fundamental tissne. — Gellnlar tissue ... ... ... 73 

Funiculus, — ^Seed stalk ... ... ... ... ... 98 

•Cramogenesis. — Sexual reproduction... ... ... ... 15 

Gamosepalous, — ^With united sepals ... ... ... 87 

'Ganglion. — A nerve-swelling ... ... ... ... 106 

Oemina^ton.— Budding ... ... 26, 32, 89, 40, 48, 68, 68 

ixland. — A secreting organ ... ... ... ... 89 

-Globule. — Male organ of Ohara ... ... ... ... 56 

Gynoecium. — A collection of carpels ... ... ... 90 

SaUux. — Big toe ... ... ... ... ... 184 

Hermaphrodite. — Bisexual... ... ... ... ... 55 

Hilum. — Apparent point of connexion between seed-stalk and 

seed-coats ... ... ... ... ... ... 98 

Hydrarhiza. — ^Base of Hydra ... ... ... ... 59 

Hypha. — Thread... ... ... ... ... ... 48 

Jndusium. — ^Epidermal covering of sorus ... ... ... 78 

Intemode. — The part of the stem intervening between two con- 
secutive nodes ... ... ... ... 51, 78 

Intine, — dinner coat of pollen-grain ... ... ... ... 98 

Iris. — Colored, anterior part of choroid of eye ... ... 188 

Ischiocerite. — First joint of endopodite of antenna ... ... 119 

Ischiopodite, — First joint of endopodite of claw ... ... 120 

Labrum* — Upper lip ... ... ... ... ... 114 

LactecUs. — Absorbent vessels of alimentary canal ... ... 128 

Lamina. — Leaf -blade ... ... ... ... ... 75 

X,t66r.— Inner bark ... ... ... ... 74, 84 

Lignin. — Hard, woody matter of secondary deposits ... ... 7% 

Limb. — Free part of calyx or corolla ... ... ... 87 

Zoci{/t..^Hooms ... ... ... ... ... ... 6€ 

I'ympA.— Fluid in lymphatics ... ... ... ... 128 

Lymphatics. — ^Absorbent vessels of the body generally ... 128 

Macromeres. — Large embryo cells ... ... ... .... 109 

ifanrfift/es.— First pair of jaws ... ... ... ... 114 

Mantle. — ^External integument of Mussel ... ... ... 100 

J/anti6rtttw. — Handle of shield of archegonium ... .... 67 

Maxilla. — Second and third pair of jaws ... ... ... 114 

ifaa:27/i>)ecfes.— Feet jaws ... ... ... ... ... 114 

^ec?u//a.— Pith 85 

Megistomeres. — Two largest embryo. cells in Mussel ... ... 109 

iHcnsteTO._-Growing tissue ... ... ... ... 96 

Merocerite. — Second joint of endopodite of antenna ... ... 119 

^eroporfzfe.— Second joint of endopodite of claw ... ... 120 

Mesoderm — Middle layer of body-waU ... ... 62, 67 

Mesophloem.^mddie bark ... ,.. '^ 
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IfeM^O.— Middle ceDnlar tissue of UminB... ... 76, 8r 

MtMowma. — IGddle body regum of Mnssel ... ... ... 101 

Metascma. — ^Posterior body region of Mussel ... ... 101 

Metastoma, — ^Part behind mouth ... ... ... ... 8^ 

IUhceUum. — Submerged hypha ... ... ... ... 4ft 

IiKcropyle, — Opening' between seed coats ... ... ... 93^ 

Nectary. — A part secreting honey ... ... ... ... 90 

iVemotocys^— Thread ceD ... ... ... 62,68- 

Nematophore. — GoUection of nematoeysts ... ... 62, 68* 

Node. — The place of origin of appendages ... ... 61, 7ft« 

Notochord. — The chorda dorsalis or rod of indifferent tissue that 

marks the line of the future Yortebral column ... ... 135^ 

NuceUus. — The central mass of an OTule ... ... ... 98- 

Nuekohts. — (See endoplastule) 

Nucleus. — (See endoplast) 

Nucule. — ^Archegonium of Chara ... ... ... ... 56^ 

(Esophagus. — Gullet ... ... ... ... ... 56 

Oogonium. — Central ceU of archegonium ... ... ... 56- 

Oosphere. — ^Plastid within oogonium ... ... ... 56 

Operculum. — Gill cover ... ... ... ... ... 135 

Ophthaimite. — ^Eye-stalk ... ... ... ... ... 11^. 

Orthotropous. — ^Erect ... ... ... ... ... 93 

Osmosis. — ^Passage of fluid through membranes ... 45, 76 

Otolith. — ^Elar-stone or solid particle in internal ear ... ... 107 

Ovary. — ^E^-containing organ ... ... 64, 90, 121, 134* 

Oviduct. — ^Duct of ovary ... ... ... ... ... 134 

Ovule. — ^Unripe seed ... ... ... ... 91, 93« 

Ovum. — ^g ... ... ... ... ... 41, 64 

Palea. — Brown scale on petiole of Fern ... ... ... 7^ 

Pallium. — Mantle ... ... ... ... ... 10^' 

Papilla. — An elevation ... ... ... ... ... 13^ 

Paraphysis. — ^An aborted sporangium ... ... ... 78 

Parenchyma. — Cellular tissue ... ... ... ... 72; 

PeribUm. — Third layer of primary. meristem of root ... ... 96 

Pericambium. — ^External, cellular, active layer of fibro-Taseular 

bundle of root ... «... ... ... ... 83v 

Pericardium. — A vessel surrounding and transmitting blood to 

the heart in Mussel and Crayfish ... ... 103, 116 

Pericardium. — A membrane surrounding the heart in Frog ... 129^ 
Perilymph, — ^Fluid between the periotic capsule and meml^«nous 

labyrinth ... ... ... ... ... ... 133 

Peristome. — Thickened, external, everted ring ... ... 85- 

Petal. — One of the leaves of the corolla ... ... ... 87 

Petiole. — Leaf stalk ... ... ... ... ... 75 

Phloem. — Bast or liber tissue ... ... ... 83,84 

Pinna. — ^Leaflet ... ... ... ... ... ... 75 

Pinnule. — Secondary leaflet ... ... ... ... 75- 

Placenta. — The part of the ovary that carries the ovules ... 91 

Pkutid. — A deflnite mass of protoplasm without a limiting 

membrane ... ... ... ... ..• ... 1]^ 
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Plerome, — Oentral portion of primary meriflteni of root ... 96 

Pleuron. — Side piece of a Crayfish somite ... ... ... US 

Plexus, — A network ... ... ... ... ... 68 

Plumule. — ^Embryo bud ... ... ... ... ... 9$ 

Poe{opA^Aa^t£6.---Second joint of eye-stalk ... ... ... 119 

Podosperm, — Stalk of the seed ... ... ... ... 93 

Pollen, — FertiliaiDg agent in flowering plants ... ... 90 

Primine, — Outer coat of seed ... ... ... ... 93- 

Proembryo, — Result of germination of oosperm of Chara ... 38 

Proeenchyma. — Fibrous tissue ... ... ... ... 75 

Prasoma, — Anterior body region of Mussel ... ... ... 101 

Prothallium, — Result of growth of spore in Fern : carries repro- 
ductive organs ... ... ... ... ... 78 

Protopodtte, — Proximal joints of appendages of Crayfish ... 114 

Pseudopodium, — ^Extensions of the body of Amoeba ... 18, 21 

Pylangium, — Proximal division of bulbus arteriosus ... ... 129 

Bachie, — ^Leaf-stalk and midrib of Fern ... ... ... 76 

Badicle, — ^Embryo root ... ... ... ... ... 96 

Ramenta. — Scales on petiole of Fern ... ... ... 75^ 

Rtjuvenescence, — ^Formation of one cell from one cell ... 32, 40 

Retina. — ^Innermost coat of eye ... ... ... ... 133 

Rhizoids, — Roots not developed from a radicle ... 61, ^2, 72 

Rhizome, — ^Underground, usually horizontal stem ... ... 73. 

Sap, — ^The fiuid in the fibres of plants ... ... ... 76 

Saprophytes, — Plants feeding on partially decayed organic 

bodies ... ... ... ... ... 12, 26 

Sarcode. — Animal protoplasm ... ... ... ... 35. 

Scalariform, — ^Ladder-like ... ... ... ... 76 

Scaphocerite, — Exopodite of antenna ... ... ... 119 

Scaphognathite. — Riespiratory sweep of Crayfish ... ... 117 

Sclerenchyma. — ^Very hard tissue ... ... ... ... 74 

Sclerotic, — ^External coat of eye ... ... ... ... 133 

Secondary deposits. — Hard material laid down on the interior of 

the primary cell- wall ... ... ... ... 73 

Secondary roots, — Derivatives of any part save the radicle ... 82 

Secundine, — Inner coat of ovule ... ... ... ... 93 

S^paL — One of the leaves of the calyx ... ... ... 86 

Shield. — An exterior division of the antheridium of Chara ... 56 
Sieve-tubes, — Of cells whose transverse walls are thickened and 

perforated ... ... ... ... ... ... 33 

Somatic cavity. — General cavity of the body ... ... ... 60 

Somite. — A division of the body ... ... ... ... I13 

Sorus, — A collection of sporangia ... ... ... ... 78 

Spermatozoa. — ^Fertilising agents in animals ... ... 41,64 

Spermatozoids. — Fertilising agents in Cryptogamia ... 57, 79- 

Spleen. — The largest vascular gland ... ... ... 181 

Sporangium, — Spore case ... ... ... ... 47,78 

Stamen. — A member of the androecium ... ... ... 90 

Sternum — Ventral part of a somite... ... ... ... 114 

Stigma. — Summit of style ... ... ... ... «^ 



144 



GLOSSABT. 



■Stipules, — ^Leafy expansions at the base of the petiole 

Stomata, — Openings in the epidermis 

Style. — ^The stalk on the top of the ovary 

Suspensor, — Thread supporting embryo in embryo-sac 

Suture, — Line of dehiscence 

SynangiuriL — ^Distal part of bnlbns arteriosus 

Telson, — Terminal appendage of Gray-fish ... 

Tentacles. — ^Tactile organs 

Theca. — Spore case ... 

Trachea. — Windpipe 

Trichome. — ^Development of epidermis 

2'ube. — United portion of calyx or corolla 

Unicellular. — Of one cell ... 
Ureter.-— Dvict of kidney ... 



PAOB. 

. 85 
76,87 
. 90 
96 
93 
. 129 

. 118 

62,68 

78 

. 130 

75 
87 

. 35 
. 131 



Vas deferens. — Duct carrying spermiatozoa down towards ex- 
ternal outlet ... ... ... ... ..• 121 

Vasa efferentia. — ^Ducts carrying spermatozoa out of the testis 134 

Vestibule. — Central part of internal ear ... ... ... 133 

Vestibulum. — Canal leading to mouth of Yorticella ... ... 36 

Vitellus. — Yolk ... ... ... ... ... ... 64 

Vitreous lens. — ^Largest^ most posterior lens of eye ... ... 183 



Woody, — Tree-like 
XyUm. — ^Wood tissue ..» 
Zygosperm. — The result of conjugation 



. 84 
83,84 
48,49 



"w o It k; s 




PEETHOUGHT PFBLISHISG COMPANY, 

63, FLEET STKEET, LONDON, E.G. 



iho.iU be crmfd " Lon, 



I 



Brsdlaugh, Chttrlea — (.SV? aho iHtniiatioiinl Serifn.) 

The FteetliiiiiBr'B Tent- Book. Part I. Section 1.—" The Story 
of the Origin of Man, as told by the Bible and by Science." Sec- 
tion U.— "What is HeliKionl-" "HowhasitOrownP" "Hod 
and Soiil-^* Bound in clotii, price 2a. Gd. 

ImpHaohinBTit of the House of Brans wiok.^Ninth edition. Is. 

Political Essays. Bound in doth, 28. 6d. 

Theological Essaya. Bound in doth, Ss. 

Hints to Emij^rants, contuining- important information on tile 
United SU.tea, Canada, and New Zealand. \». 

The ParliaraentaTy Struggle, oontaining the whole of tht docu- 
ments. Cloth, Is. 

DEBiTKS — All Verbatim Reports. 
Four— with die Rev. Dr. Batlee, in Liverpool ; the Bev. Dr. 

Habbjbok, in London: Thoius Coofsb, in London ; the Rev. 

R. A. AnMamoNQ, in Nottingliam ; with Three DLsiiouises by 

the Bishop of Petebbobouoh and Replies by C. BBAHi^trOH. 

Bound in one volume, cloth, 3h. 
What does Christian Theism TeachF Two nights' Public Debate 

with the Rev. A. J. Hakeisom. 6d. 
C!od, Man, and the Bible. Three nights' Biacussion at Liverpool 

withthe Rev. Dr. Bavlee. Bd. 
(iod as the Malter andf Moral Governor of the tTniverae. Two 

nights' Discuftsion with Thohas Cooper. 6d. 
Has Man a Soul V Two nights' debate at Burnley, with the Rev, 

W. M. Westebby. Is. 
Christianity in relation t« Freethonght, Scepticism, and Fuith, 

Three DiscouraeB by the Bishop or PEIEBBOnotitiH, with Special 

Replies. Bd. 
Secularism Unphilosophioal, Tlnsocial, and Immoral, Three 

nights' debate with the Rev. Dr. MoCabn. Ih. 
Is it Reasonable to Worship Ood f Two nights' debate at Not- 
tingham with the Rev, R, A. ABMBTEOna. Is. 
Will SociaUsm benefit the English People? One ii^« * &^w.\e 

with H. M. Hyndjcas. M. 



BbADLAUOH, ChAKLES ((■(.ii/i 



The Rjuliiial Programme . . .,01 

What Freemasonry in, what it haa b«OTi, and wbat it 

ought tohe ,. ..03 

The Tnie Stoiy of my Parliamentary Straggle. Contaiii- 
ing a Verbatim Report of thepro<!eediiiga before die Sclent 
C^ninitt«e of the House of Commoiu ; Sir. Bradlaugh'a 
Three SpeeiJies at the Bar of the Houne, etc., etc. U <i 

Coortii Speeiih at the Bar of the Houae of Commons " i 

May the House of ConunODH Commit Treason P , , . , ^ 

Correspondence with Sir 3. Northcote. M.F. ..02 

John Churuhill, Duke of Marlborough: '"Alob, Suum, and 

Drega" 1 

A Csidinal'a Broken Oath . , , . ..01 

Perpetual Pensiona. Fortieth Thouiund . . . . U 2 

CivU Lists and Grants lo the Royal Family . . ,.01 

Real Hepresenttttion of the People . . . . . . 'l 

How are we to Abolish the Lorda P , . , . ..01 

Objecrtiona to SociaUsm . . . , ..01 

England's Balanee-Sheet . . ..01 

Why do Men Starve f ..01 

Jesus, Shelley, and Malthus : an Essay on the FopiUation 

Question . . . . . . '2 

Poverty and ita effect upon the People . . ..01 

Ijabor's Prayer ..01 

The Land, the People, and the Conning Struggle . . ..02 

India. A lecture , . . . ..01 

Fire Dead Men whom I knew when living. Sketuhsa of 
Robert Owen, Joseph Ua^zini, John Stuart Mill, Chailoi 
Sumner, and Ledru Rullin , . . . . . . . Il 4 

Cromwell and Washington : a CoDtrast . . ..OS 

Anthropology. Four lecturea. In neat wrapper . . 4 

When were our Gospels Written ? . . ..06 

Plea for Atheism . . . . .,03 

Has Man a Soul ?.. .. .,03 

lathereaQodP .. .. ..0 1 

Who was Jesus Christ? . . . , ..01 

What did Jesns Teach ? . . ..01 

The Twelve Apostles . . ..01 

The Atonement . . , . ..01 

Life of David . . .. (I 2 

Life of Jacob . . ..01 

Lite of Abr^am . . . . . . II 1 

Ijfe of Mosaa . . , . ,.01 

Lite of Jonah , . , . I 

A Few Worda about the Devil . . ..01 

Were Adam and Eve our First Pai'cntsi' , , ..01 

Heresy ; its Morality and Utility. A Plea and a Justifica- 
tion . . a 
The Laws relating to Blasphemy and Here.sy . . ..OS 




Autobiogrnphy (written in 1 874] , 3d. 

Verbaidm Report of the Trial, The Queen against Bradlaugh imd 
BesBDt. Cloth, OB. With Portraitii and Autographs of the two 
Defendants. Second Edition, witli Appendix, containing the 
Judgments of Lords JuMtices Bnonwell, Brett, and Cotton. 

Splendid large-aiied Photograpli of Charlea Bradlaugh, mounted 
for framing, as. 

Chromo-litho of Charles Bradlaugh. Cabinet size. Id. ; in Letts's 
protecting case, post free, 2d. Large size, lid. ; in Letts'spro- 
tecting case, post free, Td. 

Litho portrait of C. Bradlangh, fit for framing, large a 



in Letts's protecting 

frame, os. 
Cabi]iet Photogi'apli of C, 
[ Besant, Annia — 

The PreethinherN Teit- 

Section I. — " Christiai 



i, 7d. 
radlangh. ■• 



]iinted, in Mack and gold 



Part II. "On Christianit]:." 

Evidences Unreliable." 3Boti(ir. 

ItaOrigioPagan.'''8ectionIII.—"ItsMorality Fallible." 

Bei;tion IV. — " Condemned b7 its History." Cloth, ;ia, 6d. 

History of the Great French Bevolution. First Series, cloth, ^s. 

Second Series, 9d. Third Series, Bd. One vol., eloth, 3s. Ud. 

My Path to Atheism. Collected Essays. Cbth, gilt lettered, 4», 

Marriage : as it was, a.>< it is, and as it shonld be. Second Edition. 

In limp cbth, Is. 

Liriit, Heat, and Sound. In three psrtii, Bd. each. IUustrati?d. 

Cloth. 2s. 
The Jesus of the Gospels Bud The Influence of Christianity on the 

World. Two nights' Debate with the Key. A. HiTCHiBH, Is. 
Social and FoliticalEssays. 3s. ed. 
Thei^gioal Essays and Debate. 2s. 6d. 

Woman's Position aocording to the Bible 

A World without God. Reply to Miss F. P. Cobbe 

Christian Piwgress. Third Thonaand . . 

Fruits of ChrisHauity. Fifth Thousand 

The Gospel of ChrisManity and the Gospel of Freethought 

Blasphemy . . 

The Chrisiian Creed. Parts I. and II., each . . 

God's Views on Marriage 

The Gospel of Atheism. Fifth Thousand 

Is the Bible Indictable ? 

BihUcal Biology . . 

What is (he Use of Prayer ? Tenth Thousand . . 

The Mrth of the Resurrection . . 

Why should Atheists be Persecuted P , . 

The True Basis of Morality. A Plea for Utility a 

Standard of Uoralitv. Seventh Thousand 
The Ethics of Punishment. Third Thousand . . 
Sin and Crime ; their nature and treatment 
The Natural History of the Chrisfean "De-dl 
Is Christianity a Suei^ss ? 



4 

fisUMT, AnbIb (eoulinnnl)^ 

Aapiate Cinate. Biographf of the great French Thinker, 
nith Sketi^hes of hia Philoaophj', his Religion, and hia 
SociuloKy. Being a short and convenient r^Hine (if Po«i- 
tivJBin tin- the general reader. Third Thousand 

Giorditno Bruno, tJic Freethought Martjr of the Sixteenth 
Century. Hla Life and Worka. Third Thouaand 

The Law of Population : It» mnsequenees, and ita bearing 
upon Human Gouduet and Morala. Ninetietli thouaand 

Socdal Aapecta of Malthmdaoiam 

Lef^oliaation of Female Slavery in Knghmd 

The Physiolo^of Home— No. i, "Digestion"; No. 2, 
" Organs of Digestion " ; No. 3, " Ciroulalaon " ; No. 4, 
"Respiration" ; Id. each. Together, in neat wrapper , . 

Electricity and ita Uodem Applications. Four lectures. 
Id. each. Together, in wrapper 

Eves and Bars 

Vivisection . . 

The Itediatribution of Political Power 

Oordon judged out of hia own mouth . . 

Liberty, Equality, and Fraternity 

Landlords, Tenant Farmers, and Laborers. Third Thou- 

The English Land Syatera 

English Marseillaise, with_Mu8io. Second Thousand 

English Repnblicaniam 

The PolitioalStatusof Women. APleaforWomen'sIUghts. 

Fourth Thouaand . . 
Civil and ReUgious Liberty, with gome Hints taken from 

the French Revolution. Sirth Thousand 
The TransvoBl 

Force no Remedy. An analysis of the Coercion Act (Ire- 
land) 1882 
Coercion in Ireland and its Results 
Egypt, a Protest agmnst the War. Second Edition . . 2 
The Story of the Soudan . . . . ..01 

Free Trade p. "Fair" Trade— No. 1, " England before the 
Repeal of the Com Laws" ; No. 2, "TheHiato^ of the 
Anti-Corn Law Struggle" ; No. 3, "Labor and Laud: 
their bui'dens, duties, and rights" ; No. 4, "What is 
really Free Traded" No. 5, " The Landlords' Attempt 
to SDslead the Landless " ; Id. each. In neat wrapper 
vrith Appendix . . . . .,(16 

Large Photograph of Annie Besant, for framing , . 10 6 

Cabinet ditto ,. .. ..2 

Atheistic Platform, Parts I. and II., 6d. eadi. Ports I and II. 
in wrapper together. Is. In Penny Numbers : 1. "Whatislhe 
Xlae of Prayer?" By Annie Besant. 2. " Mind considered as a 
Bodily Function." By Alite Bradlaugh. 3. "The Gospel of 
" ■ ■"m." By Edward Aveling, D.9o. 4. " England' s Bal- 
eet." By Charles Bradlaugh. 6. "The Ston' of the 
" By Aiuiie Besant. 6. "Nature and the Goi." By 
B. Moss. 7. "Some Objeationa to Socialism." Bj 



Artbii 
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^ould AtheistB be Feniemited ? " By Amue Be.^ant- 
Avelingr, Edward B., D.Sc, Fellow of Univ. Coll., LondoD.— 
(Sm afco Interiialioaal lieriai.) 
'Eaaa.ja, limp cloth, la. General Biology, oloth. 2a. Phyttiolojriosl 
Tables, 3h. Butanical Tables, Is. Bookworm, 1h. The Value 
of (Ms Earthlj Life, Is. Biologioal Discoverice and Problems, 
Is. Soienue aud Seuiilarism, 2d. Suieace and Reli^on, Id. Sa- 
^rxtitiaii, Id. Wickedness o( OuJ, Id. Icreli^n of Suience, Id. 
God dies : Nature remitina. Id. A Godless Life the Happiest 
and Most Useful, Id. Sermon on the Mount, Id. DttrwiniBm 
and Small Families, Id. EeligiooB Views of Darwin, Id. 
The Gospel of Evolution, Id. The Curse of Capital, Id. Plays 
of Shakspere, 4d. Uanbeth, 4d. 
Ball, W. P.— 

The Ten Conmiandraents, Id. Religion in Board Schools, 2d. 
Bftxter, W. E.— Our Land laws of the paat, 3d. 

Beaucliamp, P. (G. Grote, the historian of Greene)— 

Analysia of the Influentse of Natural Religion on ths Temporal 
Happiness of Manliiiid. 123 pp. Is. 

Blackie, Prof.— Jewish Sabbath and Christiau Lord's Daj, 2d. 
Bltmcliard, J. — Essays and Addresses, Is. 
Bonser, T. O., M, A.— The Right to Die, Id. 
Bra.dla.ug'h, Alice — Mind considered as a Bodilf Function, Id. 
Bradlaug-h, Hypatia— 

Four Lectures on The Chemistry of Home: Air, I., Air, II., 

Water, I., Water, II., Id. each; or in wrapper, id. Four 

Lectores on The Slave Struggle in America. Id. each, or in 

wrapper, id.. Secular Education, T^d. pet 100, post free. 

Brodrick, Hon. Oeorge — lieform of English Land Sj'stem, ltd. 

Buclmer, Prof. Ludwig, M.D.— (5'ae also Inlernalimial iSertM.) 

The Inflnence of Heredity on Free WUl. Translated from the 
German by Annie Beaant. 2d. 
C. B. X.— Aurora. A story. 6d. 
Christ end Osiris. 2d. 
Cobden, Bioliard— The Three Panics, U, 
Conway, Uoncure D. — {See aUo LM B.) 

Liberty and Morality. 3d, 
Cooper, Robert — 

Holy Scriptures Analysed. With Lite by C. Bradlaugh. 6d. 

The Immortality of the Soul. Seven LeutuwH. ts. 
Ooraer, Our. Edited by Annie Besant. Vol. I., Jan.. to S'mia-, 

Vol. rr., July to Dec., isas; Vol. m., Sm. to Jm.«»v N^. 
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IT., Jiil7 to Deoemlier, IHU ; Vol. V., Jan. to June, ISBS ; ItBnd' 

Bomelr bound, cloth gilt, 3h. &d. each. ChristnuiH NmnbeF, tSS^t, 
Bd. Yearly aubsoription, pout free, 7s. A mondilj Freetliouf[lit 
snd Radical magazmc. 

Crisis in Farmmg, The ; its Badieal CaoBes and their only 
BempdipH. Twenty-twoevUH arisjng from Landlord, thirteenfrom 
Tenant. By the Author of "Hints to Landlords and Tenants", fid. 

Orofts, W. B.. — City Misaionariea and I^oua Frauds, Id. 

Dalton, H. B. S., B.A., Oxon.— 

The Education of GirLi. Second Edition, 6d. lull's Cliarge t<. 

Women, 4d. Religion ajid PiieHteraft, "Jd. 
Drysdale, C.B., K.D.— 

The Population Queation, Is. Tohauco, and the Di«euKo» it Pro- 

duoes, 2d. Alcohol, 6d. Animal Vaccination, Gd. 

Eastern Traveller— Fables of Faith, 3d. 
Elector, An ~ 

How Charles Bradlaugh, M.P., was treated by the House of Com- 
monB. 2d. 

In neat wrapper, Gd. 
Ellis, Ellen— 

Eyen-thiDjf ia pisnible to Will. Cloth, It,-. 6d. A moHt useful 
TemperanoB Story. 

Elmy, Ben W — 

The Canne of Woman. From the Italian of Louii.a To-Sko. Gd, 
Studies iu Materialism, 4d. 
Forlong', Major-Gen. J. a. R., F.R.O.S., F.XL.A.8., &c.— 
A Colored Chart of ail Faith Streams, 7^ feet by aj feet, folded 
in c»ae, or on rollers, £i 6s. P. 6d. 
Foota, George W.— 

Secularism the True Philosophy of Life, 4d. Folly of Prayer. 
Id. Atheism and Morality, 2d. Death's Test, or Christian 
Lies about Djinn Infidels, ad. The God ChristiaiiB swear ' 
2d. Wan Jesus Insane ? Id. Atheism and Suicide, Id. 

Kindred Matters, 6d. 
Gigudibs, Arth.nr— The Upshot of Hamlet, Is. 
Haeckel, Prof. Ernst [Sn InttmatvMiil SeritK). 
Headingley, A. S.— 

Biograpny of diaries Bradlaugh. With Appendix by W. Mawer 
(revised and eidargfKl). Clotli, 2b. 6d. 
Hindu, A — Reftcxion.s on the Blasphemy Proseuutions, 2d. 

Howell, Constance^ 

Biography of Jesus Christ. Written for Young Freethinkers. 
I*. ; cloth gilt, Is. 6d. The After- Life of the Apostles, 1«. ; 
e7oth gilt. Is. 6d. History ol tte Jews, 19., ii\iitti pit, la. Sd. 




>' Aiunanltiw "— 

Ih God the First Cause f 6d. Bouud in pjoth, with other Essays, 
Is. M. The Follifw of the Lord's Prajer ExpoM^l. 2d. Social- 
Itiu a Curxe, 3d. Tbuiights upon Heaven, Sd. Charles Brad- 
laugh and the Oath QueHtion, 2d. How C. Bradlaugh waa 
treated by the House of Commons, Id. Charles Bradlaugh, 
M.P. an^the In»h Nation, 6d. 

Hume, David— On SItranles, 3d. 

Hunter, W. A., U.A. — Past and Preaent of the Heresy liaws. 3d. 

Indian Officer— 

The True Soiirte of Christianity : or, a Voice from the Ganges. 



i. : utoth gilt, U. 6i]. 



Orijfinally piibli.Oied 

IngereoU, Col. Ilobert— 

Library Edition ; Oration ou the Gods, fld. Oration on Thomas 
Pttine, 4d. Heretics and Heresies, id. Oration on Humboldt, 
2d. Arraignroentof the Churuh, 2d. These can be supplied in 
one volume, neatly bound in limp cloth, Is, 6d. Histakea of 
Moses, 3d. Libeity of Man, Woman and ChUd, 6d. Modem 
Thinkers: or, the Spirit of tlie Age, Id. Hell, 2d. Decoration 
Day, Id. Salvation, Id. Ingersoll at Home, Id. Prose 
Poems, Id. Tilt with Talmage, Id. 

Popular Edition, 16 pages, Id. each: 1. Take a Road of Your 
Own ; 2. Didne Vivisection, or Hell ; 3. The Christian Re- 
ligion; 4. The GhoHta, Part I.; 5. The Ghoets, Part 11.; 
6. Thomas Paine the Republican, In wrapper, 6d. 7. Is all 
of the Bible inspired F Part I. ; 8. Is &I1 of (he Bible itupired f 
Part II.; 9. Mistahes of Moses; 10. Saviors of the World; 
11. How Man mates Gods ; 13. Ijbw, not God. Frran 7 to 12 
in wrapper, Bd. The 12 in wrapper. Is. 13. What Must I Do 
to be Saved r Part I. ; H. What Must I Do to be saved F Part 
n. ; IS. The Spirit of the Age ; 16. Human Liberty ; or, In- 
tellectual Development, Fart I. ; 17, Human Liberty; or, In- 
teOeotual Development, Part II. ; 18. WhichWayF From 13 
to 18, in wrapper, 6d. 

1 ZnteiTLatiDnal Library of Science and Freethougrlit— 

Mind in Animals, by Professor Ludwijf Biichiier. Translated, 
with the author's consent, bv Ajmie Besent, Ss. 

The Student's Darwin, by Eilward B. Aveling, D.Sc. (Lond.) 
Fellow of Univenrity College (Land.), etc., price 6s. 

Jesus and the Oospela, and The Religion of Israel, by Jules 

OenefflB : its authorship and authenticity, by C. Bradlaugh. 6s. 

The Pedigree of Man, and other Essays (illustrated with 80 wood- 
onts), by Dr. Ernst Haeckel, translated from the German, wiOi 
the author's consent, by Edward B. Aveling, D.Sc. 6s. 

Natural Reason tirtu» Divine Revelation. An appeal for Free- 
thought. Edited bj PbObert LewiuB, 'M.Jl. ^. 



L. W. H.— The House of Lord.?. Id. 

Iiaad Law Befonn League Lenfleta, No. 1 to 6 in asnorted 

paobets for difltribution, fid. per 100 ; post free, 7id. ; a.ii aaaorted 

dozen, 1^. 
L'EBtrane^, Thos. — 

Tho First Seven Alleged Poreecutiona, i.D. 64 to a.ti. 235. 6d. 
Tlie EochariBt, 6d. 
Levy, J. Hyata — 

Wealthy and Wise. A Lerture iuti-oductcFiy to the Study of 
Political Economy, fid. 
Local OoTerninent and Taxation of the TJitited Kingdom, 

620 pp., cloth, with index, 6a., eoutaiuing a Heries of BsHHyB:— 
Local govermneut in England, by the Hon. fl. C. Broiidck ; 
County boards, by C. T, D. Acland ; Areaa of rural goremnienl, 
by Lord E. Fifconaurioe; London goTpmnient, and how ts reform 
it, by J. F. B. Firli ; Municipal borough*" and bouudarieH, by J. 
T. Bunce ; Local govermaent and taxation in Ireland, by K, 
O'Shaughneasy ; Local government and taxation in SootJand. 
by W. MacdonaJd ; LociJ^taxatiou in England aud Wales, by J. 
Roland PhiUipH. 
Lynn Linton, Hre. E. — {See alio List B.) 

Under which Lord P By the author of "Joshua Davideon". 
Originally published in three voIb. at £1 lis. 6d., now iHued 
complete in 1 vol., cloth gUt, 2s. 6d. 
Haver, W.— 

The LRt«st Coustitutiumil Struggle. Being a Diary of the North- 
ampton Strug-glc from April 2nd, 1881). 2d. Reasons why 
Blasphemy Frusecutjons should be abolished. 2d. 
Kedley, a. "W.— England under Free Trade, 3d. 
Kitchell, Dr. J. B. — By permiHaion of Dr. J. Bair Mitchell, a oopy 
of hia valuable worfe, "Dates and Data", and "Chreetos , 
each bound in cloth, may he forwarded post free on reoeipt of 
twelve stomps. 
Kitchell, Logan — 

Religion in the Heavens ; or, Mythology Unveiled, In"a Sen»« 
of Lectures, Cloth. 2s. 6d. 
Mongredien, A.— Froo Trade aud English commerce, fid. 
National Reformer— Indei to. 1883, ISB-l, ad. each. Caaoa for 

loose nnmbers, with hoi ding- cords, 2s. 
STational Secular Society's Almanack for 1882, 1883, 

1884, 18S6, and 1886. lid. ea^h. P. td. each. 
Nordau, Uax — 

The Conventional Lies of our Civilization, This remarkable book 
has been seized and prohibited in Austria, and has gone throug-h 
seven editions in seven months iu Germany. 365 pp., paper, 
2b. ed. 
Oatb and CharJea Bradlaugh, The. 2d. 



Paine, Thotnas— (iSk aho List B). 

Conmion Senae. With new Introduotjon by CBradlnugh. 6d. 
Tlic Age of HeHflon. With Preface by C. BcadlBugli. 1b. 

Cloth, 1b. ed. Cheap popular edition, M. 
RightBofMan. With Introdautitm by C. Bradlnngh. Is. Cloth 

gilt, Is. fid. 
Theologioal WorlcH ; intludiog the ' ' Age of Heasoii ' ' , and all his 
Miiwellaneoufl picteH and Poetioai Works ; his last Will and 
Testament, and a Steel Portrait. Cloth, 38. 
Parable of Hodem Times, A. 2d. 
Paul, Alexander —iliatory of Hetomi. Is. 
Pearoe, E. R.— I'opular fallacies on tmdc and fovfiffn duti™, Gd. 
Peers and the People, an appeal to history. Id. 
Perot, J. M. A.— Mhji and (Jvd. Cloth. 4>, 
Questions, One hummed and one. )d. 
Benan, Ernest — 

The Life of JesuB. Authorised Engliah Ti-anslatiou. Cn-wn Si-o. 
pp. lii. — 312. cloth 28. Bd. ; stiti'hed in wrapper, Ib. fid. 

Bobertson, John — 

Socialiam and MalthusianiBm. '.id. Toryiem and Barbarism, id 
8. L. 8.— The Great Bread Riots of 1890. lid. 
Soury, Jules {Hee lulmialniiia! Serin.) 
6tandriiie, Qeorge — 

Life of C. Bradlaugh, with portrait and autograpli, 12 page.i. 111, 
Life of Colonel B. Q. IngCTSoll, with portrait and autograph, 
and eitraptfl from his orations, in wrapper, Id. Court Flun- 
keys ; their Work and Wages, Id. 
8ynieB, Jos.— 

Chnetianity easeiitially a Ferseuuting Religion, 2d. The Me- 
thodist Conferenue and Eternal Pimiahmeut : Du its Defenderi< 
believe the Dovtrine ? :id, Uospituls and Dispensaries not of 
Chrifltian Origin, new and revised edition. Id, Uan's Flare 
in Nature, or Man an Animal amongst Animals, 4d. Philosophic 
Atheium, 4d, Chrintiara^ and Slavery, 2d. Christianitv at 
the Bar of Stienoe, 3d. Debate on Atheism with Mr. St. Clair, 
1b, Universal Despair, 2d. The whole bound, cloth, neat. 3s. 
Three Trials of William Hone, The, fur Publishing Three 
Parodies, via.. The late John Wilkes's Cata'hiam, The Politicai 
Litany, and The Sinecurifits' Creed ; on three ex-offif?io inforum- 
tiouB, at Guildhall, London, during three traccessiye days — De- 
oranber IBth, 19th, and 20lii, 1B17 — before three speoial juries 
Hid Mr. Justice Abbot, on the first day, and Lord Chief Justice 
EUenborough, on the last two days. This voliune was I'ei'om- 
mended for study by Sir W. Hareourt to Sir Henry Tyler, as. 
Thursday Lectures at the Ball of Science — 

Containing Mr. Bradlangh's lectures on Anthmpalogy. Mn. 
Besant'sonThe Physiology of Home, Miss Hypatia Biidlanjfh's 
on The Chemistry of Home, and Dr. Aveling's on The FlayEQE 
Shakspere. Complete in one vo\. CVottv, Iia. 



Ton-ens, Sir R.— Trauafer of land by Repstr 
operative in BritiBh Colonien. 6d. 

Volney— (««■ bI 



LIST B. 
Special liist of Remainders. — All at tlio lowest price, no rediic- 
tim to the trado. the object bein)r to aupply readers of the SalUninl 
Jirfiiraur with literature at specially low rates. Orders must be 
aucompanied hy cost of posta^, wMcb i? inserted after tlie letter 
P. Wlere no postage is mentioned, tie goods go by rail at coat 
u( piu-cha^r, and 2d. iu addition to price must be aent for booldng. 
Adam, W.— 

Firtst LeHsunx in Geology. With special article un the Toadstonea 
of Derbyshire. H gloitsacy explanatory of {geological terma and 
derivations, with sections, and general diagrank of stfata. 173 
pp., paper covers (published at Is. *>d.j, 3d. Post free 4d. 
Theories of History, with special referenoe to the principles of 
the Poative Philo9ophv. Favorably noticed by J. 8. Mill. 
Demy 8vo., 441 pp., 3«'. P. 6d. 
Ag'assiz, Iioiiia — 

On raasaification. 8™, Pp. vii. and 331. Cloth (pubUflhsd at 
I2s.), reduced to 3b. P. 6d. 

Alexander, J. £., Lieut. •Qeneral— 

Cleopatra's Needle, the Obelisk of Alexandria. Cloth, 8ra., 100 
pp. (published at as. 6d.), Is., post tree. 
Alison, Alex. — 

The Philosophy and Hiatory of Civilisation. Cloth, royal 8yo., 
478 pp., 2a. P. 7d. 
Amberley, Lord — 

Analysis of religious belief. 2 vols., demy Hvo., pp. ivL and 
■ISli and 312, cloth (published at SOs.), reduced to £1 Ifl, Ptee 
by Postal Parcel. Quite new, and ujieut. 



or the barbarous atrociljes of Romanism under Pope Innocsnt 
XI", by E. A. BouziquB ; "Mary Alacoque and the worship of 
the Sacred Heart of jesna, presented in their real character", by 
Louis jVssetine ; "Coalition of the thermal and minetnl waters 
of Prance against the sacred watora of Loiirdes and La Salotte' ' . 
These pamphlets, written by eminent advanced writers and trans- 
lated by the oelehrated Unitarian, Dr, J. E. Beard, are full of 
information concerning the frauds and impostures of the Romuh 
Church. Published at 'Id. and 6d. each. The four poat free for 
4d. Also in the some seriea — "Confession in the Church of Rome; 
what it is and what it does". By the noted writer, M. Morin ; 
lranslttt«d by J. R. Beard. (Published at Is.) 80 pp. 3d. P. Id. 
"Antipodes." — The Bevelatioiia of Commou-senae. Crown Bvo,, 
pp. xi. and 452. 2b. P. 6d. 



Argyll, Duke of- 

Cauaes of the Aighan War, bein^ a selection of Uie pupers laid 
befiire Furlinmcnt, with a toniiectiiigr aatrative and uummetit. 
Svo, doth, 328 pp. (published at 6a.), 1b. 6d. P. 5d, 

Bale, a. a. P.— 

Anatomy and Physiology of Man. School edition. Profuaply 
iUuBtrated (published at Ts. 6d.). 2e. 6d. P. 4jd. 
Bennett, D. M,— Dmne PTrolecliny, Id. Great Wrestling Matih. 
Id. The two post freP 2jd. 

Benvenuti, B. F. — 

Epiaodes of the Prenoh Bevolntion, from 1780 to 1795, with au 
a.ppentiii: embodying the principal events in France from i739 
to the present time, examined from a politii;al and philosophical 
point of view. Demy 8to, 310 pp.. Is. lid. P. Gd. 
Berkeley, Bishop — 

The Principlea of HuraauKjiowledgB. Treatise on the nature of 
the Material Subslance (and its relation to the Absolute), with 
a brief introductjon to the doctriue and f iill explanations of thp 
text; followed by an appendix, with remarks ou Kunt and 
Hume, by Collyns Symons, LL.D. Is. P. 3d. 
Bernard, H. H., Pli.B.— 

I«8ainy on BiWiohitry. Hi pp. (published at as.), Is. lid. P. lid. 

Black, C, M.D.— 

On the more evident cJiang^s the body iinder^oit, aud the mana^- 
ment of heoltii frum infanuv to adolt age. Cloth, 138 pp. 
(published at 2s. 6d.), Od. P". U. 
Blake, Carter, D.Sc.^ 

Zoology for Students. With PrefncB by Professor Oh'ou. Pri>- 
fuBPly Illustrated. Cloth. 382 pp. 3s. 6d. P. 6d. 
Booth, W., L.B.C.P.- 

Children's Ailments : how to diHtingniBh and how to treat thera. 
Manual of nnrsery mediuine. addressed to mothers and niirsei! 
and to all who are interested in caring for Uie little ones. Thin 
extremely useful little worii gives the symptoms and modes of 
treatment of nearly 100 ailmentn, instructions for the gvusral 
managemunt of young children, and IT pi^sci^ptions, with a 
table of dosea for all diseases. [Published at 2b.; 3d. P. Id. 
Boyle, r.- 

SaTage life. Notes Lu South Africa, a nipht in Qrauada, Philn- 
Bophy of the Angle. Cloth, demy Svo, 332 pp., 38. P. 3d. 



The Labor Question. Paper Currency aud Lending ou luteres 

as alfei^ting the prosperity of Labor, Commerce, and Manufaci 

" , 6d. P. .3d. 



le prosperity 
tnres. Cloth gilt, 240 pp. (published 
Bryce, Arch. E., LL.D., &c.— 

Second Latin Book. Headings, with notes, from ClesaT, 0' 
&e., with Syntax and copious Vooabulary. Crown Svo, 
pp.. Is. P. 3d. 
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Burke, Edmund— 

The inberent eviN of all State GoTcnmients 6 
ba pp. (purJiBhed itt Id.), 3d. F. Id. 

Burns, Bobert— 

PiiCTiui. With a critical memoir by "William Uichael Roasettl. 

IlluBtrated with Portrait and very fine plate*. HandaomelT 

bouud in hnlf-cnlt, gilt. a.iO pp., 3e. P. 6d. 
Burton's Prairie Traveller; or, Overland Route.— With 
map, illaf^tratiDu^, and itiueraricH of the principle roates betwA«i 
the Miwiwtppi and the Pacific. By General Rasdolps Mxbct. 
Crown 8vo, pp. 270, cloth, reduced fa In. 6d. P. 3d. 

BxtMbby— 

EasajB on Human Mind, 3d, 
Butler, J., LL.D.— 

The Xnaiiigy of Religion, Natnral and Revealed, to the consti' 

tuticm and vaar^ of Nature. Ta which are added two brief 

diiMertatioDa : I. Of.pemooal identiCj'; II. Of the oat 

virtue. With index and queiitiond for cxaaunAtioa b 

Rev. G. B. WliEEtJiB, A.M., Cloth, gUt, pp. 3S0, 2b. 6d. '. 

Caird, J.— Britiih Lund Question. 2d. P. Id. 

Campbell, Sir Qeorse, H.F. — White and Blauk; the ontocoiie of 

a rixit to the United States. Cloth Bvo, 440 pp., ~ 

Cant- Wall, E., BarriBter-at'Law — 

Ireland under the Land Ait, with an appcndi x of leading caren 
Uiider the Act, giving the evidence in tnjl, judicial dirita, etc. 
8vo, 2m pp.. cloth Ipnbliuhed at 68.), U. 6d. P. 6d, 
Ohallice, John, U.D. — Mediual advice Ui moth^TB on the manage- 
ment of children in health stid dimaBe. Limp cloth, 98 pp. 
Charles, C. Uitchell— 

Aliieri : hia life, adrenturen, luid workn. 6d. P. IJd. 
Cbaatel, E., Professor— 

ChrictJanitf in th*) Nineteenth Ceiituiy. .A. Religioua and Philo- 
Miphica] Survey of the Immediate Faiit. TrunHlated b; J. H. 
Beard. Clotli, crown 8vo, 236 hi-, '"- P- 3^*1. 
Coleridge, Samual Taylor— 

I*tt«r». CduverBtttioim, and HecoIleetionB. With prefatie by the 
Editor, Thomas AIl«ip. Cloth 251) pp.. i». P. 3d. 
Contemporary B«view.— 1BT4, complete in 2 vols., aa, (pub- 
linhed at ISs. each) : containing articLeH by W. B. Gladstone, T. 
BraHBey, Sir W. Heradiell, ProfeKBor Chfford, Dean Stanley, 
Karl Blind, and many other famous writent. 

The following different oumbora can be anppKed at ed. each, or 
ISforoB. ; or ID for 6s., free by parcels post:— 1872 ; All ex- 
cept June, August, October, and Deccmlwr.— 1373 : Jannary, 
June, August, September.— 1874 : Septembar. — 187fi : oom- 
plete. excepting May, October, and November.— 1878 : Com- 
plete, exnepting January and February. — 1877 : oom^ete> 
exceptii^ January, June, and Aaguat,— lt(78 : January, Feb' 
raarf, Karch, June, July, August, September, October. — 
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ISTS : nomplete, excepting Deuember. — 1830 : complets. 
tributed to b; the beat writera of the day. <m ovtsiy phase of 
literature, aoienue, art, and pulitius. Thi» magaziue is an ex- 
cellent libmry in itaalf . 

Conway, Honcure D.— 

Republican auperstitions. (Published at Ts. 6d.) la. 6d. P. 3d. 
Homaii Saciifiuei in England. 84 pp. (published at Is.) 3d. 

P. Id. 
Demonolugy and Devil Lore, i vols., royal 8vo, with 65 iliuatra- 

tiona (published at £t 8a.), £1. Free by paruel« post, £1 Os. Sd. 
Ooupltmd, W. C— 

The principles of indiyidnal liberty : how far applicable to the 
relation of the sexes. Pollowed by report of Debate in the 
Loudmi Dialectical Soiiiety, is which Mrs. Besaot. MisH Vickerr. 
Dr. C. R. Drysilale, Mr. Mououre D. Conway, and Mr. Brad- 
lau);h took part. (Published at 6d.) Post free, 4d. 
Credibility of the Oospel Narratives of tbe Birth and 

luf^noy of Christ, with introduction on the Arts of the 
Apoatlea. Critical analysia of Gkiapel writera' contradictions. 
91 pp. (Pnblished at la. Bd. by Thomas Soott.) Bd. P. Id. 
Crombie, Bbt. Alex., LL.D., F.B.8., Sec— 

Etymology and Syntax of the English Language explained and 
UluBtrated. Crown 8vo, pp. lii., 3*6, unoot, Is. P. Bd. 
Carwen, H.~- 

A History of BookseUers, Old and New. NiunerouH Portraits and 
□lastraticms. Hvo, *B3 pp., ^h. Bd. P. Bd. 
Savies, Bev. J. Iil., U.A.— 

Forgiveness after Death. 40 pp., Id. P. Jd. 
Da vies, Rev. Dr. Maurice^ 

Orthodoi London, T*o volumes bound in one. Contains: The 
Kev. H. R. HiWEia — Father Staston — Mr. roBBBai— Rev. T. 
TBiouaonrH Shdke— Mr. LLEWEia.T!) DiTiBS— Mr. MioniBE 
— Dean Stawlky — Canon Liddos — Canon Milleb — Mr. Srop- 
soaD Bbooke — Midnight Mass — Arehbiidiop of York — Bishop 
of London— Bishop of Maucheater — Bishop of Lincoln— etc., 
etc. 468 pages (published originally in Two Volumes at 28a.) 
2s. 6d. P. (id. 
Dean, J. A.— 

Political Bights; How acquired, retained, or forfeited ; witL a 
sketch of such rights under ancient and modern Republics, 
Crown 8vo, 368 pp., cloth gilt. Is. 6d,, boards. Is, P. 4Jd. 
Direy (!■.) and A. Fog^— 

■ngUah Grammar. IS6 pp. (published at Ss.), Bd. P. 2jd. 

Direy, L.— 

Latin Grammar. 179 pp. [publisht-d at 4b,), 6d. 
Drew, Frederic — 

The Northern Barrier of India. A popular aeoount of the Jum- 
niDO and Kashmir Territories. With maps and illns 
Cloth, 8vo, 33Gpp. (published at 12s.), 3a. P. 64. 
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r Dnffleld, A. J.— 

ProBppcts of Peru. The end of the Gaano Age, and a descrip- 
tion thereof. With Bonte ocooaQt of the Gnano depouts aiid 
Cloth, 120 pp., 6d. P. 2d. 
Sutt, Shoshae Chunder — 

India, puBt and preaent. The origin and development of the 
BrohiDon raoe. Vediam : ita different phases- Buddhifun : 
old and later. Pourajusm; or the popnlar religion. Vc- 
dantism : the religion ot the orthodoi philoaopliers — Results 
of the religious atriigglea and the changes they introdaced. 
Caste : its nature and origin — Hindu Qovemmcnt — The Con- 
quest of India by the Mahomedans and the hietoiy of their 
rule over the countrf and its resulta. Caste: aa it axiata, 
and its effects — Present phase of Eeligion — Popular sQper- 
Btitions of the Hindoos— The Porsees, Young Bengal, and the 
Brahmos. Hindu Women ; their condition, character, and 
— Home life in Bengal — Tniation in India — Britiflh 
Opium Policy. Cbth gUt, pp. 4SS (puljhshed at 16s.), J*. 
P. 6d. 

' Z>7aa, Capt B. H.— 

The Upas : a viaiiia of the rise, reign, 
tion. Published at 10a., reduced to '2s. 



»nd decay of Superstl- 



P. 6d. 
BlliB, A. J.— 

The Dyer's Hand ; preceded by ' ' Tlie Way 
Enunett's Iiife, 



I 



tiod". Post free, ad 
Last Speech, Id. The two po!-t free '2d. 



t 14b.), 'le. 6d. P. f 



1604 to 1726. 62Upp (pubUahed 



Facta and Figures, Important events in Hiatory, Gjeography, 
Literature, Biography, Ecclesiasldcal History, etc., etc. Arrang^ 
in clasjiiied chronological order. Pout free 6d. 

Farrer, J. A.— 

Crimea and Piuiishmenta. Including a new translation of Bec- 
cariB's"I>eiDelitteeDellePene". Cloth. Bvo, 250 pp. {pub- 
lished at 8a.), price Is, 6d. P. 6d. 

Fata of the Peers, The, or a few words with "OurOldNoHlity". 
With cartoon, crown 8vo, 32 pp.. Id, P. ^d. 

Frankland, Sev. B., B.A.~ 

The Age and the (]toBpel. A 'contraverdal book 'n\ the Chjistiaii 
side. 303 pp., 2s. P. fid." 

Freeman, Dr. E. A. — Political Catechism. Id, P. jd. 

Oebler, Carl von-Galileo Galilei. 4s. P. 8d. 

Gladstone and Beaconafleld. 132 pp., 3d. P. Id. 

aienaie, John Stuart, Iff.A. — 

In ^e Morning Land. Containing preciselv the same mntti-r 
a« Isis and Osiris, now out of pyiiit. 4«. P. Bd 



Goldea JAbrary Series, Xhe.— The Book of Clerical Aneo- 
dotefl — Emersoii'a Ijettera and Social Aims— Godwin' h [Williaiii) 
Xjves of the Necromancera — Holmes' Ptoteeaoi at Oie Break- 
fast Table—Hood's WhimH and OddiMea, complete wiQi oil 
tlie orii^nal illustratioos ^Iriinfr's (Wadungton) Tales of a 
TravoUer ^ JnaBc'a [Edward) Scenea and ooonpatioaB of 
Country Life— Lel^h Hunt's Eusays— MaUory's (Sir Thos.) Mort 
d'Arthor, the Btariea of King- Arthur and the Kiil^hta of the 
Rou^d Table ; edited by B. Montgomery Rankin — Pope's Com- 
plete Poetical Works— Rouhefouuauld'a Maxima and Moral Be- 
Beotaons, with notea and introductory eaaay by Sainta-Beuve — 
St. Pierre'ii Paul and Virginia, and the Indian Cottagv ; edited, 
with lite, by the Rev. K. Clarke ; both aeries complete in one 
volume. Keduued to la. each, by poat ltd. extm, or four can be 
Hent by parcels poat for 4a. 0d. 

Ooodwin, C. W., U.A.— 

Story of Saiieha. An Egyptian tale of 4000 years ago. Pub- 
li^ed at 2s. 6d., poet-free. 

Groome, W., M.A., etc.— 

■ ; Tables for Chemical Analyais. 



Demy 8vo, 4d. Post free. 



1 lirap cloth, 



I 



Uemy 8 

iiiical Harmony. 3d. P. Id. 
DnberBatiB, Ang'elo de— 

Zoological Myuiology ; or, the Legends of Animals. Two vols., 
Svo, pp. Kxvi. and 432, and vii. and 442, cloth (published at 
£1 8s.), Tpdared to 128. 6d. Free by postal parcel, 13b. An 
important contribution to the study of the oomparativo myth- 
ology of the Indo-Gerraanio nations. 
Half-Houre with Freethinkers— Shelley, Lord Boling-broke, 

and Paine. The three post free 2d. 
Halt, W. H. (Bullock)— Qleanings in Ireland after the Land 

Acta. "With map. Cloth Svo, 116 pp., Is. P. 3d. 
Hamilton, O. — 

Oriental Zigzag. Wanderings in Syria, Moab, Abysainia, and 
Egypt. Handsomely illiLstrated. 304 pp., 2a. 6d. P. 6d. 
HaneoQ, Sir Richard Bavies — 

The Apostle Paul and the preaching of Christianity in the primi- 
tive Church. Cbth, crown Svo, .501 pp. (published at 10b. 6d.), 
2s. 6d. P. 6d. 
Hart, Rev. H. M., B.A,— Elementarj Chemiatry. la. P. ajd. 
Hawley, J. H.— 

First Book of English Grammar. Jloih, 3d. P. Id. 
Heine, H.— 

Ludwig Bume. Kecollections of a ^Revolutionist. Abridged and 

translated by T. S. Egan. la. P. 3Jd. 
English Fragments, from the German. Translated by S. Norria. 
Qoth, 6d. P. 2Jd. 



Cloth gilt, 220 pp. (published a 




HOI, 8.— Egypt and Syria. Ss. F. 6d. 
Hoare, E. N., H.A., Dean of Waterford— 

Eiotius ; or, English words from Latin poets. Post Svn, 3ii-l 
pp., with thoroughly complete indei. Is. fid. P. 4d, 
Hodgreon, S. D.— 

Principles of Reform in the Siiffrajre. Cloth, new and uncut. Is. 
P. 3d. 
Holvoiike, a. J.— 

Child's reading' book. Id. The social means of promoting Tem- 
perance, wi^ remarks on errors in itM advocauy. Public lessons 
of the Hangman. The lot, post free, 3d. 
Hone, W.— 

The Apocryphal New Testamant, being all the Gospels, E^istlesi. 

etc . , attributed to Christ, his .^a>ostles, and their companujns in 

the first four centuries of the Cnristiau era. 2a. 6d. P. 6d. 

Ancient Mysteries Described. "With Engravings, 2s. 6d. P. fld. 

Sonved, A. — 

Sketches of the Hungarian EniigraHon into Turkey. 6d. P. 1 td . 

Howell, O.— 

Capital and Labor. Including chapters on the history of Ouilds, 
Trades' Unions, Apprentices, Teohuical Education. Intimida- 
tion and Picketin)£, Restraints on Trade ; Strikes— their Ob- 
jects, Aims, and ResiUts ; Trade CouncQs, Arbitration, Co- 
operatiun. Friendly Societies, the Labor Laws, etc. 4b. P. 5d- 
Hugo, Victor, and Qariboldi — Political Poems. Post free, Id. 
JackBon, TSib. W. B.— 

A Contury of Dishonor; a sketch of the United States Govern- 
ment's dealings with some of the North American Tribes, 
aoth, Btd, 167 pp. (published at 7s. 6d.), 2g. P. Gd. 
Jagor, I".— 

Travels in the Philippines- Numerous illusti'ations and Map». 
37(1 pp., handsomely bound (puhlished at 16b.), 3s. P. 6d. 
Kane, Bir Bobert U.D., etc.,— 

Elements of Oheraistry. Theoretical and Practical, including the 
most reoent dincoTeries and applications of Hie science to medi- 
cine and pharma/7, to agriomture, and to manutacture. Ulua- 
tratod hy 230 woodoiits. with copious index. Second edition. 
Cloth, royal Bvo, 1069 pp.. 38. ed. 
Kant, Cousin's Philosophy of. WitL a Sketch of Eant's Life and 
"writings. By A. G. Henderson. 191 pp., neatly hound (puh- 
lidied at fis.), 2s. fid. P. od. 
King, A.,B,A.— 

Who was St. Titost Scripture n 

opinions. Demy 8to. 2S0 pp., Is. 6d. 
Knox, B., K.B.— 

Manual of Human Anatomy, descriptiv-c, ^ 

250 splendid wood engravings. Cloth ^t, 672 pp. (published 
at 12s.) 2a. P. 6d. 



compared wili received 



ncal, and geneml. 



EoMntb, IjQuia— 

Memories of niv EiUe. A complete hi'torv of the oris'tti of the 
Italian War of IBSB. Qotli. 446 pp., 2m". ed. P. Ikl. 

Ziamon, W.— 

Life of Abralinin Linooln. Portraits. Cloth, pp. 546. fi«. P. itd. 
I^th&m, B. a.— 

RusBiaii and Turk. SVom a GengTaphieiii. Ethnolugii^al. and 
Historital point of view. Cloth, gilt, 434 pp. 38. P. 6d. 
Leggre, Alfred Owen- 
Growth of the Temporal Power of the Papajy. A hiatoriial 
review, with DbaervationM upon ■'TheCouncil of the Vati^mi". 
Ooth, 8vQ, SIS pp., U. 6d. P. 6d. 
Zievi. Leone — Work and Pay. 3d. P. Id. 
Iiiancourt, Count, and F. Pinoott— 

Formation und deTelopraent of Lttugiiajire. Ruval Mvo, 1>H pp. 
2s. 6d. P. fid. 
Xiinton, E. L. — 

The trap hiutory of Joshua Davidson, Chrintian aod Conimmiist. 

Handsomel; bound, thick paper, 27!l pp.. le. lid. P. 4d. 
Witch Stories, A hu^tf of the witchex of Scotland and Enfr- 
laod from 1479 !o 1761. 320 pp., l8. 6d. P. 4d. 
Xiovett, W., Life and atrugglea of, in purtniit of breiid, know- 
knowled^, and freedom. Domy 8vo, cloth gilt, i~3 pp. (pub- 
lished at 6s.), Is. 6d, P. 6d. 
BCaoDsll, Wm.— 

Ohristian Legends. Cloth, 8(-o, 3'20 pp.. Is. 6d. P. 4d. 
KacCoIl, B«T. U., S.A.— 

Three yenrs of the Eftatern Question. Cloth, 8vo, 302 pp.-(plil)- 
liahedstos,), Ih. (Id. P. 5d. 
Hachay, B. W., H.A.,— Bisc and profp«Hs of Christiamty, oloth, 
324 pp. (pablished at lUs. Bd.], 2s. 6d. P. 6d. 
The Eternal Gospel; or, the Idea of Christian Perfeutihility. 
(Published at 2b. by Thomas Scott.) In two pai-ts, ;td. each, 
m all, 6d- P. 2d. 
Kackenzie and Irby — 

Travels in the eiavunit' proviu.;eH of Turkey. Besutifullj illuh- 
trated with maps and en)f;rBving«. Cloth, gilt. Xia pp. (pub- 
lidied at 24s.) 3b. Bd. P. 6d. 
Mancheeter Science and Healtli Lectures.— A great vimeiy. 

Id. each. One dozen, post free. Is. 
Hanael, Profeasor — 

Philosophv of the Conditioned : with criticiwuH on Mill'd Eiaiui- 
nation of 'Sir W. Hamilton's Philosophy. a«. P. 4d. 
Manual, A Practical, of the Law of Salea of Food, Dtinkn, and 
Medicines, by a Borristor and Magistrate. Stttl' paper ciiier. 
post 8vo, BO pp. (publishod at 2h.], ad. P. Id. 
KcCosb, Eey. Prof. 3., LL.D.— 

The AsBooiation of Ideas, and it'; influence on the traiiilug of 
the Hind. 36 pp., wrapper. Id. P. ^d. 



Hen of tke Third Bepublic— Cloth, 8vo, 384 pp„ Is.fld. T.43. 

Meredith., Evan Powell— The Proptet of Nazareth, or a critical 
inijiiiry into tlie pi-aphetii^iil, inullaiitital, and moral character ot 
Jefu? Christ an exentjdified in his piiBdJi;tiutiii, precepts, actions, 
di scinir9€!it, arid Mociial icteroijurse- Cloth, Sto, 63i> pp- 7s- tid. 
P. 6d. Ampbilogia. 6d. P. 2d. 

ModomBeview.— 12volB„troinl88nioIa8a. ISiO; JuIJODnllinB:TtBl»W^ 
llolle«goinBo^ops. bjEdwsni Clodd, F,B.A.a. ; NofioDiil indeoBudenoe »ra f «- 
1ig<an> lntnrniitlD[ui1t<m. bj Prat. StvOlezWHoae uid ihe JhdIib, hj Prof. Ranwen- 

iLW^NiIureBDit lBiT.b;Dr.aaipeAter:Fk<i9t.byH.S.'WiI«in'| BellgloDi dnma, 
bf Wimim Binn<: PDUoaopfalinl niwultr. br OoDBUnce Ptnmtrs, Blc_eu. ISBl : 

E. v. Qeiant; Fliul muBH. by Gleor^ Heaalov: ObllgndoaB of doBlrlTW] anb- 
Hilptton, m dlBoqaeion. by H. W. Orwakay, 0. Voyaey, Q. Siraon, flio.j WbM 
woiadlhBAlheiilbmTef by J.Psge Bom«-, BoImHd ubb of tbe goipel nnrnUivoB, 
bj J. AlUoBOn Ftsttm. sUm eta. Apill oonUiiB ; DIauiiEeion on the oblLgillon at 
dootrinal mbmrtpUon, oonlinaed by /. K. Symas, W " " 



Mkey, <■ 
rorsH at ttie BsrormBllai 
Ciriyle, by Qfoiite Brno 
Tbs Bumpli) or Jama, by 
PlaoB Of thfi larmellttB In 



iBtaed. by Dr. a. Vieih 
BallRlotK iDBtrnotlon li 

ApcUflonl«ln»:Eoole»l« 



I.: Tne ■ 



. Rtays Divlda^io., r 



iralllyi BsllgiDDi 
3. JulynnnBliiH 



alionandtb^alX, -. .-, 

kaMed ; WiUlim BImlu. by Oharln 
itH on the reTlBBd lerBlan. by E. M. 
IIOD u a FBtlgloaa thinker, byH.H. 



a aliaiUon in Fruine, by B. 
lUHlyrana- ~ ■ " 
Rh, by T. Tyli 
WlckAIeed ; N»D»i rauEi 
IclBloAtliB.byC.O.Oae.el 
S'rsndh CBtholIC pdest ' n 
csHun-by B. A. 



jibyT. \ 



rhelsm and Atbtdsia >b moni loHiieDsea. by Mia. W11- 

Lilth; Herbdrt Spencer's DBUofBUilci, by J. T, Bliby^ 
DbaDlii.byJ. H amllh^ Biah&rd Cobdan, fay 8. Alfred 
mf thfl ijhriatian pnlpiLby J. Drnmmond, etc.. am, 
«. by T. Tyler : MtleriaUsm, by Mr. JnailBB Btcbmond ; 
undla. by Dr. J. Baal: Bfaya Dailda' HIbbert leolnHii; 
I BronW, by A. Anoltl; Darwinlam and religion, by H. 
FcontBlnaiTbeBoDliot WlBdoni. by B.Lmne Poole; Be- 
' -- - 'ij Dr.Oarponterj 



irth Ooapel. ^ Dr. ^.''a. t 



a:CBlboUcOhDrcfa<ri 



antlly, by " 



Prof. J. 



1. Boden 



/Prof.J.B. __, ,_ 

CorreBpondenee of Carlyla nnd E^ersao ; Han 
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